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TECHNICAL FIELD 

[0001] The present invention relates to: an information recording medium; a 

recording apparatus, a host apparatus, a drive apparatus and a recording method 
for recording information on the information recording media; a reproducing 
apparatus, a drive apparatus and a reproducing method for reproducing the 
information recorded on the information recording media; and a program which 
instructs the apparatuses to execute a recording operation and a reproduction 
operation. 

BACKGROUND ART 

[0002] In recent years, various forms of information recording media has been used 

for recording digital data. Among others, write-once optical discs are gaining wide 
use although data can be recorded only once, since the cost thereof is inexpensive. 

[0003] Examples of such optical discs include CD-R discs and DVD-R discs. Several 

methods for incrementally recording data on CD-R discs or DVD-R discs have been 
proposed (see, for example, United States Patent No. 5666531). The methods for 
incrementally recording data may be, for example, a VAT (Virtual Allocation Table) 
method, or a multiborder (multisession) method. 

[0004] Operations for recording/reproducing digital data on/from DVD-R discs using 

the VAT method or multiborder method will be described. 

[0005] First, incrementally recording method using VAT will be described below with 

reference to the drawings. Herein, an operation for recording a file and directory tree 
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structure shown in Figure 12 on an information recording medium and a data 
structure which is formed as a result thereof when an example of the recording 
information medium is a DVD-R disc will be described in steps. 

[0006] First, a format process will be described with reference to Figure 13. Figure 

13 shows data immediately after a format process which is on a DVD-R disc, an 
example of a conventional information recording medium 10100. 

[0007] A DVD-R disc is an information recording medium defined by the DVD-R 

physical specification. 

[0008] Further, files are recorded by using a volume file structure defined by the 

DVD-R file system specification. The DVD-R file system specification conforms to 
the ISO/I EC 13346 standard or the UDF (Universal Disk Format) specification. The 
description will be made below using the structure defined by the UDF specification. 

[0009] As shown in Figure 13, a data area included on the information recording 

medium 10100 includes a lead-in area 10101 and a volume space 10109. 

[0010] The volume space 10109 includes a volume structure area 10410, a file 

structure/file area 10420, and a VAT (Virtual Allocation Table) structure area 10430. 

[0011] In the volume structure area 10410, a volume structure defined by the UDF 

specification is to be recorded. In detail, the volume structure area 10410 includes 
an NSR descriptor, a primary volume descriptor, an implementation use volume 
descriptor, a partition descriptor, a logical volume descriptor, an unallocated space 
descriptor, a terminating descriptor, a logical volume integrity descriptor, an anchor 
volume descriptor pointer, and the like. 

[0012] The file structure/file area 10420 includes a file set descriptor 10421, which 

will be an origin of a directory tree in a partition space, and an FE (ROOT) 10422, 
which is a file entry of a ROOT directory file. 
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[0013] The file entry (hereinafter, referred to as FE) has a data structure defined by 

the UDF specification for managing the position and the size of the files to be 
recorded in the volume space. Herein, in order to simplify the description, the ROOT 
directory file is assumed to be recorded in the FE (ROOT) 10422. 

[0014] In the VAT structure area 10430, a VAT 10431 and a VAT ICB 10432 are 

recorded. The VAT is a data structure defined by the UDF specification with the 
purpose of simplifying the updating process of the file structure in the write-once 
recording medium. 

[0015] When the VAT is used, a recording position of the file structure data such as 

FE in the volume space is specified using virtual address in a virtual address space. 

[0016] VAT holds a correspondence between a logical address, which is a recording 

position in a logical address space on the information recording medium, and the 
virtual address. 

[0017] With such a structure, data can be rewritten virtually even in an information 

recording medium which is not rewritable, such as a DVD-R disc. 

[0018] The recording position of the VAT on the information recording medium is 

specified by VAT ICB allocated to a last sector of an area on which data is recorded 
on the information recording medium. 

[0019] Further, the lead-in area 10101 includes a physical format information area 

10104. The physical format information is provided for recording management 
information of various areas allocated on the information recording medium 10100. 
The management information may be, for example, address information of a border- 
out area or the like. Immediately after the format process, only an area of the 
physical format information area 10104 is recorded, and data is not recorded yet in 
the area. 
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[0020] Next, with reference to Figure 14, a procedure for recording directory (Dir-A) 

and data file (File-a) of the file and directory structure shown in Figure 12 will be 
described. 

[0021] When a process of recording the directory (Dir-A) and data file (File-a) to the 

information recording medium 10100 as shown in Figure 13 is performed, a data file 
(File-a) 10501, a FE (File-a) 10502, a FE (Dir-A) 10503, and FE (ROOT) 10504 are 
recorded in the file structure /file area 10500 as shown in Figure 14. In this example, 
the directory file is included in the FE (Dir-A) 10503. 

[0022] In the VAT structure area 10520, a VAT 10521 to which the newly-recorded 

FE 10502, 10503, and 10504 are registered, and a VAT ICB 10522 are recorded. 

[0023] When a close process is performed, first, predetermined data is recorded in 

the border-out area 10530 except for a next border marker 10531. Further, 
predetermined data is recorded in the physical format information area 10104 in the 
lead-in area 10101 which has remained unrecorded after the format process. 

[0024] The close process is performed so as to allow the information reproduction 

apparatus to search for the latest volume file structure. 

[0025] When such file recording process and close process is performed for the 

information recording medium 10100 having the data structure after the format 
process as shown in Figure 13, the data structure as shown in Figure 14 is formed 
in the information recording medium 10100. 

[0026] Next, with reference to Figure 15, a procedure for recording directory (Dir-B) 

and data file (File-b) of the file and directory structure shown in Figure 12 will be 
described. 
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[0027] Herein, the data file (File-b) 10601 and the file structure related thereto, i.e., a 

file (File-b) 10601, a FE (File-b) 10602, a FE (Dir-B) 10603, and a FE (ROOT) 

10604, are recorded in the file structure/file area 10600. 
[0028] In a VAT structure area 106100, the latest VAT structure, i.e., a VAT 106101 

and a VAT ICB 10602 are recorded. 
[0029] At last, by performing the close process again, predetermined data is 

recorded in a border-out area 106200 except for a next border marker 106201. 

Further, the next border marker 10531 allocated in the border-out area 10530, and a 

border-in area 106300 including the physical format information area 106301 are 

recorded. 

[0030] When such file recording process and close process are performed for the 

information recording medium 10100 having the data structure shown in Figure 14, 
the data structure as shown in Figure 15 is formed on the information recording 
medium 10100. 

[0031] As described above, every time the close process performed, an area 

interposed between the lead-in area 10101 or the border-in area recorded in the 
volume space 10109 and the border-out area is formed. Hereinafter, such an area is 
called a bordered area. For example, in Figure 15, there are bordered area #1 
10700 and the bordered area #2 10701. The bordered area is a concept similar to a 
session in a CD-R disc. 

[0032] Next, with reference to a flow chart for a reproduction process procedure 

shown in Figure 16, a reproduction operation of a file will be described. Herein, an 
operation of reproducing the data file (File-a) 10501 will be described as an 
example. 
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[0033] First, data in the physical format information area 10104 in the lead-in area 

10101 is reproduced, and the physical format information is obtained (step S1 1101). 

[0034] Next, data of the next border marker is reproduced (step S1 1 1 02). 

[0035] The physical format information obtained in step S11101 (or step S11103) 

includes address information of the border-out area. Since the data of the next 
border marker is recorded at the predetermined position of the border-out area, the 
next border marker is reproduced from the position. 

[0036] For example, in Figure 15, the physical format information area 10104 

includes address information of the border-out area 10530. Further, the physical 
format area 106301 included in the border-in area 106300 includes address 
information of the border-out area 1 06200. 

[0037] When the next border marker included in physical format information 

obtained in step S11101 (or step S11103) has been already recorded, there is a 
newer bordered area. Thus, step S11103 and the following steps are performed. 

[0038] In accordance with the address information of the border-in area included in 

the physical format information obtained in step S11101, reproduction of the next 
border-in area is performed (step S11103). The address information of the border-in 
area included in the physical format information can also be obtained in step 
S11104. 

[0039] From the reproduced border-in area, the physical format information is 

obtained. 

[0040] On the other hand, when the next border marker reproduced in step S1 1 102 

remains unrecorded, the current bordered area is the latest one. Thus, step S1 1 104 
and the following steps are performed. 
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[0041] When it reaches the latest bordered area, with reference to the latest 

obtained physical format information, an end physical address of the area which is 
accessible is obtained (step S1 1 104). 

[0042] In Figure 15, the end of the bordered area #2 10701 is the end of the 

accessible area. 

[0043] Then, at last, file reproduction is performed as follows. 

[0044] At this time, the volume structure area 10410 is reproduced first (step 

S11105). The read out volume structure includes address information of file set 
descriptor 10421 and partition starting location. When the VAT method is employed, 
a virtual partition map defined by the UDF specification is included in the volume 
structure. Thus, based on the information, it is recognized that the VAT structure is 
recorded in the volume space. 

[0045] The VAT ICB 106102 recorded at the end of the accessible area is 

reproduced (step S1 1 106). 

[0046] VAT recording position information is obtained from the read out VAT ICBP 

106102, and the VAT 106101 is read out. 

[0047] When a target file and/or management information thereof is managed using 

the virtual address, the VAT 106101 obtained in step S11106 is used for making 
reference to the VAT entry to which file entry of the target file and/or directory is 
registered (step S1 1 1 07). 

[0048] A translation process from the virtual address into the logical address is 

performed. Then, with having the file set descriptor 10421 in the file structure/file 
area 10420 as an origin, the FE (ROOT) 10604 in the file structure/file area 10600, 
ROOT directory recorded therein, the FE (Dir-A) 10503 in the file structure/file area 
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10500, directory (Dir-A) recorded in the FE, and the FE (File-a) 10502 are 
sequentially read out. 

[0049] The recording position of the data file (File-a) 10501 is obtained from the FE 

(File-a) 10502, and the reproduction of the data file (File-a) 10501 is carried out. 

[0050] A method for incremental recording to the DVD-R discs using the VAT 

method has been described above. However, the multiborder method is also known 
as an incremental recording method different from the VAT method. A similar 
method when used in the CD-R discs is called a multisession method. 

[0051] In the multiborder method, data is incrementally recorded with having a 

bordered area as a unit, and the volume structure and the file structure are recorded 
for every bordered area. 

[0052] In the multiborder method, a system of updating data using the virtual 

address such as VAT is not used. When the file structure is updated, the volume 
structure and the file structure are newly generated, and re-recorded in a new 
bordered area. 

[0053] Reproduction using the multiborder method determines the latest bordered 

area, and reads out the latest volume structure therefrom. 
[0054] Thereafter, a specific file can be reproduced by following data in accordance 

with the data structure defined by the UDF specification in steps. For example, data 

can be read out with a reproduction procedure similar to that for read-only discs like 

DVD-ROM. 

[0055] Further, when the multiborder/multisession method is used, efficient data 

recording using the image data is performed. When all the files which are desired to 
be recorded are known, for example, when taking a backup of data, the data for all 
files which is desired to be recorded in a hard disc drive, and a file including all the 
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volume structure and file structure thereof are produced. The file is image data. For 
recording the image data, one bordered area (or a session) is allocated, and the 
image data is continuously recorded in the area. Since recording is performed 
continuously, and the file structure has been already produced, overhead at 
recording becomes small. Thus, recording of the image data can be performed 
rapidly. 

[0056] Figure 33 is a block diagram showing a computer system 10200 and a drive 

apparatus 10300 disclosed in Japanese Patent No. 3005645. 

[0057] The computer system 10200 includes a computer memory 10210 and 

temporary memory 10220, and transfer data to and from a write-once recording 
medium 10400. The temporary memory 10220 can transfer data to both a computer 
memory 10210 and the write-once recording medium 10400. The temporary 
memory 10220 includes a system file allocation area 10221, a medium directory 
area 10224, and a data file area 10225. The system file allocation area 10221 is an 
area for storing a file allocation table 10222, and an OS (operating system) directory 
10225. 

[0058] An operation of the computer system 10200 when recording a user file (user 

file including at least one of video data and audio data) in the write-once recording 
medium 10400 will be described. 

[0059] Figure 34 shows the data structure when the user file is recorded in the write- 

once recording medium 10400. In the file directory area 10510 of the write-once 
recording medium 10400, directory entry corresponding to the user file recorded in 
the file data area 10610 is recorded. The directory entry is a file structure in the 
write-once recording medium 10400, and includes the recording position on the 
write-once recording medium 10400 of the user file, file size, file name and the like. 
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[0060] An operation for recording a new user file in the write-once recording medium 

10400 as shown in Figure 34 will be described. Herein, the new user file is a user 
file generated by updating the user file recorded in the file data area 10610. 

[0061] The computer system 10200 reads out all the directory entries from the write- 

once recording medium 10400, and stores in the medium directory area 10224. 
Then, the computer system 10200 exchanges the information of the directory entry 
in the medium directory area 10224, and forms the file allocation table 10222 and 
OS directory 10225 in the system file allocation area 10221. The file allocation table 
1 0222 and the OS directory 1 0225 have the same structure as the file structure of a 
rewritable recording medium. 

[0062] Next, the computer system 10200 transfers the new user file from the 

computer memory 10210 to the write-once recording medium 10400 via the data file 
area 10225. The new user file is recorded in, for example, a file data area 10620 
shown in Figure 35. In accordance with recording of the new user file, information in 
the system file allocation area 10221, i.e., the file allocation table 10222 and the OS 
directory 10225 are updated. In accordance with the update of the file allocation 
table 10222 and the OS directory 10225, the directory entry stored in the medium 
directory area 10224 is updated. 

[0063] Finally, the updated directory entry is recorded in the write-once recording 

medium 10400. In Figure 35, the updated directory entry is recorded in the file 
directory area 10520. 

[0064] As described above, in the recording operation, the directory entry (file 

structure) on the write-once recording medium 10400 is read to the temporary 
memory 10220, and the directory entry is converted to a file structure similar to that 
of a rewritable recording medium. In accordance with the recording of the new user 
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file, the file structure on the temporary memory 10220 is updated. The file structure 
of the rewritable recording medium is converted again into the file structure on the 
write-once recording medium 10400 and then is recorded on the write-once 
recording medium 10400. 

[0065] In the reconversion process, all the directory entries are relocated from the 

file directory area 10510 to the file directory area 10520. For example, in Figure 35, 
the directory entry 10511 is relocated in the directory entry 10521. 

[0066] As shown in Figure 35, the directory entry 10511 and the directory entry 

10521 respectively have values such as '0' to 'C and 'd' to 'g' as logical address 
values. Modification to the logical address values is directly reflected in the 
conversion process performed in the temporary memory 10220. For example, the 
logical address for making reference to the directory entry 10512 is 'b'. When the 
new user file is recorded, the logical value for making reference to the directory 
entry 10522 corresponding to the directory entry 10512 is 'f. Similarly, all the 
information related to the logical address in the file directory area can be modified. 

[0067] For incrementally recording data in the write-once recording medium 10400, 

methods of reading out and converting the file structure such as directory 
information and/or location information recorded on the medium are widely used. 
This is because data cannot be recorded in the recorded area in the write-once 
recording medium. Further, since the conversion process of the file structure is 
required, the conversion process specific to the write-once medium should be 
performed when data is reproduced and recorded. 

[0068] However, in the method as described-above, the reproduction operation of 

the directory or the file specific to the write-once recording medium is required. 
Thus, there is a problem in that a system which can only perform a reproduction 
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operation of a read-only medium of rewritable recording medium cannot reproduce 
data in the write-once recording medium. 

[0069] For example, for reproducing a user file recorded on a write-once recording 

medium such as DVD-R discs by the recording method as shown in Japanese 
Patent No. 3005645, the recording position of the latest file structure (for example, 
the file directory area 10520 in Figure 35) should be known. In the recording method 
as shown in Japanese Patent No. 3005645, the position of the file directory area 
10520 cannot be determined uniquely. Thus, some kind of method is required for 
figuring out the position. As such a method, for example, the 
multiborder/multisession method can be used. 

[0070] Specifically, a first bordered area is set, and a file directory area 10510 and a 

file data area 10610 are provided in the first bordered area. Further, a second 
bordered area is set, and a file directory area 10520 and a file data area 10620 are 
provided in the second bordered area. The file directory area is provided at a 
predetermined position in the respective bordered areas (for example, at headers of 
the areas). When the reproduction operation is performed, the position of the latest 
bordered area is obtained by reading out the physical format information in the lead- 
in area or the border-in area in steps. Accordingly, even when the recording method 
shown in Japanese Patent No. 3005645 is used, it is possible to know the position 
of the latest file directory area if the multiborder/multisession method is used. 
However, this example still does not solve the problem that the system which does 
not support the multiborder (for example, read-only system) cannot read out the 
information. 

[0071] In view of the above-described problem, the object of the present invention is 

to provide: an information recording medium which is compatible with a system 
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which can only perform a reproduction operation for a read-only medium or a 
rewritable recording medium; a recording apparatus, a host apparatus, a drive 
apparatus and a recording method for recording information on the information 
recording media; a reproducing apparatus, a drive apparatus and a reproducing 
method for reproducing the information recorded on the information recording 
media; and a program which instructs the apparatuses to execute a recording 
operation and a reproduction operation. 
DISCLOSURE OF THE INVENTION 
[0072] According to the present invention, a recording apparatus is provided for 

recording second address information and second information in an information 
recording medium to update first information recorded in the information recording 
medium to the second information by updating first address information recorded in 
the information recording medium to the second address information, wherein the 
first address information includes a first address indicating at least a part of 
locations of the information recording medium at which the first information is 
recorded, the second address information includes a second address indicating at 
least a part of locations of the information recording medium at which the second 
information is to be recorded. The recording apparatus includes a host apparatus 
and a drive apparatus, the host apparatus includes a system control section for 
controlling the drive apparatus. The drive apparatus includes a head section for 
performing a recording operation or a reproduction operation for the information 
recording medium and a drive control section for controlling the head section. The 
system control section generates an update instruction including a third address 
indicating at least a part of the locations of the information recording medium at 
which the first address information is recorded and the second address information 
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as an update instruction for updating the first address information to the second 
address information, and outputs the update instruction to the drive apparatus. The 
drive control section receives the update instruction from the host apparatus. The 
drive control section, in accordance with the update instruction, controls the head 
section to record the second address information in the information recording 
medium, generates disc management information including correlation information 
which correlates the first address information with the second address information, 
and controls the head section to record the disc management information in the 
information recording medium. The drive control section controls the head section to 
record the second information in the information recording medium in accordance 
with the second address. 

[0073] In one embodiment of the present invention, the information recording 

medium is a write-once information recording medium. 

[0074] In one embodiment of the present invention, each of the first information and 

the second information includes at least a volume structure, the first address 
information includes at least an anchor volume descriptor pointer describing the first 
address, and the second address information includes at least an anchor volume 
descriptor pointer describing the second address. 

[0075] In one embodiment of the present invention, the update instruction includes a 

record instruction and a generation instruction, and the drive control section controls 
the head section to record the second address information in the information 
recording medium in accordance with the record instruction, generates the disc 
management information including the correlation information and controls the head 
section to record the disc management information in the information recording 
medium in accordance with the generation instruction. 
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[0076] In one embodiment of the present invention, third address information 

including the first address is further recorded in the information recording medium. 

[0077] In one embodiment of the present invention, the record instruction for the 

second address information is issued for ECC block basis. 

[0078] In one embodiment of the present invention, the drive control section 

generates duplication information of the second address information, and controls 
the head section to record the duplication information of the second address 
information in the information recording medium. 

[0079] In one embodiment of the present invention, the location at which the 

duplication information of the second address information is recorded is at an inner 
location than the location at which the second address information is recorded. 

[0080] In one embodiment of the present invention, the disc management 

information further includes status information indicating whether the correlation 
information is valid or invalid, and the drive control section sets the status 
information to indicate that the correlation information is valid when the first address 
information has been updated to the second address information. 

[0081] In one embodiment of the present invention, the correlation information 

includes instruction information which instructs the drive control section to reproduce 
the second address information in response to the receipt of a reproduction 
instruction for the first address information. 

[0082] In one embodiment of the present invention, the first information includes a 

first metadata file, the second information includes a second metadata file, the first 
address information includes a file entry of the first metadata file, and the second 
address information includes a file entry of the second metadata file. 

49288.2500 15 
Attorney Docket 

1804496.1 



[0083] In one embodiment of the present invention, the first information includes a 

first file structure, the second information includes a second file structure, the first 
address information includes a first logical volume descriptor, and the second 
address information includes a second logical volume descriptor. 

[0084] According to the present invention, a host apparatus is provided for use in a 

recording apparatus which records second address information and second 
information in an information recording medium to update first information recorded 
in the information recording medium to the second information by updating first 
address information recorded in the information recording medium to the second 
address information, wherein the first address information includes a first address 
indicating at least a part of locations of the information recording medium at which 
the first information is recorded, the second address information includes a second 
address indicating at least a part of locations of the information recording medium at 
which the second information is to be recorded. The host apparatus includes a 
system control section for controlling the drive apparatus including a head section 
for performing a recording operation or a reproduction operation for the information 
recording medium and a drive control section for controlling the head section. The 
system control section generates an update instruction including a third address 
indicating at least a part of the locations of the information recording medium at 
which the first address information is recorded and the second address information 
as an update instruction for updating the first address information to the second 
address information, and outputs the update instruction to the drive apparatus. 

[0085] According to the present invention, a drive apparatus is provided for use in a 

recording apparatus which records second address information and second 
information in an information recording medium to update first information recorded 
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in the information recording medium to the second information by updating first 
address information recorded in the information recording medium to the second 
address information, wherein the first address information includes a first address 
indicating at least a part of locations of the information recording medium at which 
the first information is recorded, the second address information includes a second 
address indicating at least a part of locations of the information recording medium at 
which the second information is to be recorded. The drive apparatus includes a 
head section for performing a recording operation or a reproduction operation for the 
information recording medium and a drive control section for controlling the head 
section. The drive control section receives an update instruction including a third 
address indicating at least a part of the locations of the information recording 
medium at which the first address information is recorded and the second address 
information. The drive control section, in accordance with the update instruction, 
controls the head section to record the second address information in the 
information recording medium, generates disc management information including 
correlation information which correlates the first address information with the second 
address information, and controls the head section to record the disc management 
information in the information recording medium. The drive control section controls 
the head section to record the second information in the information recording 
medium in accordance with the second address. 
[0086] According to the present invention, a semiconductor integrated circuit is 

provided for use in a recording apparatus which records second address information 
and second information in an information recording medium to update first 
information recorded in the information recording medium to the second information 
by updating first address information recorded in the information recording medium 
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to the second address information, wherein the first address information includes a 
first address indicating at least a part of locations of the information recording 
medium at which the first information is recorded, the second address information 
includes a second address indicating at least a part of locations of the information 
recording medium at which the second information is to be recorded, the 
semiconductor integrated circuit is configured to control a head section for 
performing a recording operation or a reproduction operation for the information 
recording medium. The semiconductor integrated circuit receives an update 
instruction including a third address indicating at least a part of the locations of the 
information recording medium at which the first address information is recorded and 
the second address information. The semiconductor integrated circuit, in 
accordance with the update instruction, controls the head section to record the 
second address information in the information recording medium, generates disc 
management information including correlation information which correlates the first 
address information with the second address information, and controls the head 
section to record the disc management information in the information recording 
medium. The semiconductor integrated circuit controls the head section to record 
the second information in the information recording medium in accordance with the 
second address. 

[0087] According to the present invention, a recording method is provided for 

recording second address information and second information in an information 
recording medium to update first information recorded in the information recording 
medium to the second information by updating first address information recorded in 
the information recording medium to the second address information, wherein the 
first address information includes a first address indicating at least a part of 
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locations of the information recording medium at which the first information is 
recorded, the second address information includes a second address indicating at 
least a part of locations of the information recording medium at which the second 
information is to be recorded. The recording method includes the steps of: 
generating an update instruction including a third address indicating at least a part 
of the locations of the information recording medium at which the first address 
information is recorded and the second address information as an update instruction 
for updating the first address information to the second address information; in 
accordance with the update instruction, recording the second address information in 
the information recording medium, generating disc management information 
including correlation information which correlates the first address information with 
the second address information, and recording the disc management information in 
the information recording medium; and recording the second information in the 
information recording medium in accordance with the second address. 
[0088] According to the present invention, a method implemented in a host 

apparatus is provided for use in a recording apparatus which records second 
address information and second information in an information recording medium to 
update first information recorded in the information recording medium to the second 
information by updating first address information recorded in the information 
recording medium to the second address information, wherein the first address 
information includes a first address indicating at least a part of locations of the 
information recording medium at which the first information is recorded, the second 
address information includes a second address indicating at least a part of locations 
of the information recording medium at which the second information is to be 
recorded. The method includes the steps of: generating an update instruction 
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including a third address indicating at least a part of the locations of the information 
recording medium at which the first address information is recorded and the second 
address information as an update instruction for updating the first address 
information to the second address information; and outputting the update instruction. 
[0089] According to the present invention, a method implemented in a drive 

apparatus is provided for use in a recording apparatus which records second 
address information and second information in an information recording medium to 
update first information recorded in the information recording medium to the second 
information by updating first address information recorded in the information 
recording medium to the second address information, wherein the first address 
information includes a first address indicating at least a part of locations of the 
information recording medium at which the first information is recorded, the second 
address information includes a second address indicating at least a part of locations 
of the information recording medium at which the second information is to be 
recorded. The method includes the steps of: receiving an update instruction 
including a third address indicating at least a part of the locations of the information 
recording medium at which the first address information is recorded and the second 
address information; in accordance with the update instruction, recording the 
second address information in the information recording medium, generating disc 
management information including correlation information which correlates the first 
address information with the second address information, and recording the disc 
management information in the information recording medium; and recording the 
second information in the information recording medium in accordance with the 
second address. 
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[0090] According to the present invention, a program implemented in a host 

apparatus is provided for use in a recording apparatus which records second 
address information and second information in an information recording medium to 
update first information recorded in the information recording medium to the second 
information by updating first address information recorded in the information 
recording medium to the second address information, wherein the first address 
information includes a first address indicating at least a part of locations of the 
information recording medium at which the first information is recorded, the second 
address information includes a second address indicating at least a part of locations 
of the information recording medium at which the second information is to be 
recorded. The program includes the steps of: generating an update instruction 
including a third address indicating at least a part of the locations of the information 
recording medium at which the first address information is recorded and the second 
address information as an update instruction for updating the first address 
information to the second address information; and outputting the update instruction. 

[0091] According to the present invention, a program implemented in a drive 

apparatus is provided for use in a recording apparatus which records second 
address information and second information in an information recording medium to 
update first information recorded in the information recording medium to the second 
information by updating first address information recorded in the information 
recording medium to the second address information, wherein the first address 
information includes a first address indicating at least a part of locations of the 
information recording medium at which the first information is recorded, the second 
address information includes a second address indicating at least a part of locations 
of the information recording medium at which the second information is to be 
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recorded. The program includes the steps of: receiving an update instruction 
including a third address indicating at least a part of the locations of the information 
recording medium at which the first address information is recorded and the second 
address information; in accordance with the update instruction, recording the 
second address information in the information recording medium, generating disc 
management information including correlation information which correlates the first 
address information with the second address information, and recording the disc 
management information in the information recording medium; and recording the 
second information in the information recording medium in accordance with the 
second address. 

[0092] According to the present invention, a reproducing apparatus is provided for 

reproducing information recorded in an information recording medium, wherein first 
information, second information, first address information, second address 
information and disc management information at least, are recorded in the 
information recording medium, the second information is update information of the 
first information, the first address information includes a first address indicating at 
least a part of locations of the information recording medium at which the first 
information is recorded, the second address information is update information of the 
first address information, the second address information includes a second address 
indicating at least a part of locations of the information recording medium at which 
the second information is recorded, and the disc management information includes 
correlation information which correlates the first address information with the second 
address information. The reproducing apparatus includes a host apparatus and a 
drive apparatus, wherein the host apparatus includes a system control section for 
controlling the drive apparatus, the drive apparatus includes a head section for 
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performing a recording operation or a reproduction operation for the information 
recording medium and a drive control section for controlling the head section, the 
system control section generates a first reproduction instruction including a third 
address indicating at least a part of the locations of the information recording 
medium at which the first address information is recorded as a first reproduction 
instruction for reproducing the first address information, and outputs the first 
reproduction instruction to the drive apparatus, the drive control section receives the 
first reproduction instruction from the host apparatus, controls the head section to 
reproduce the second address information correlated with the first address 
information by referring to the correlation information in accordance with the first 
reproduction instruction, and outputs the reproduced second address information to 
the host apparatus, the system control section receives the second address 
information from the drive apparatus, generates a second reproduction instruction 
including the second address as a second reproduction instruction for reproducing 
the second information, and outputs the second reproduction instruction to the drive 
apparatus, and the drive control section receives the second reproduction 
instruction from the host apparatus, controls the head section to reproduce the 
second information recorded in the information recording medium in accordance 
with the second reproduction instruction, and outputs the reproduced second 
information to the host apparatus. 
[0093] In one embodiment of the present invention, the disc management 

information further includes status information indicating whether the correlation 
information is valid or invalid, and the drive control section determines whether the 
correlation information is valid or invalid by referring to the status information 
corresponding to the correlation information in accordance with the first reproduction 
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instruction, controls the head section to reproduce the second address information 
correlated with the first address information and outputs the reproduced second 
address information to the host apparatus when it is determined that the correlation 
information is valid, and controls the head section to reproduce the first address 
information and outputs the reproduced first address information to the host 
apparatus when it is determined that the correlation information is invalid. 
[0094] According to the present invention, a drive apparatus is provided for use in a 

reproducing apparatus for reproducing information recorded in an information 
recording medium, wherein first information, second information, first address 
information, second address information and disc management information at least, 
are recorded in the information recording medium, the second information is update 
information of the first information, the first address information includes a first 
address indicating at least a part of locations of the information recording medium at 
which the first information is recorded, the second address information is update 
information of the first address information, the second address information includes 
a second address indicating at least a part of locations of the information recording 
medium at which the second information is recorded, and the disc management 
information includes correlation information which correlates the first address 
information with the second address information. The drive apparatus includes: a 
head section for performing a recording operation or a reproduction operation for the 
information recording medium; and a drive control section for controlling the head 
section, wherein the drive control section receives a first reproduction instruction 
including a third address indicating at least a part of the locations of the information 
recording medium at which the first address information is recorded, controls the 
head section to reproduce the second address information correlated with the first 
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address information by referring to the correlation information in accordance with the 
first reproduction instruction, and outputs the reproduced second address 
information to a host apparatus, the drive control section receives a second 
reproduction instruction including the second address, controls the head section to 
reproduce the second information recorded in the information recording medium in 
accordance with the second reproduction instruction, and outputs the reproduced 
second information to the host apparatus. 
[0095] According to the present invention, a semiconductor integrated circuit is 

provided for use in a reproducing apparatus for reproducing information recorded in 
an information recording medium, wherein first information, second information, first 
address information, second address information and disc management information 
at least, are recorded in the information recording medium, the second information 
is update information of the first information, the first address information includes a 
first address indicating at least a part of locations of the information recording 
medium at which the first information is recorded, the second address information is 
update information of the first address information, the second address information 
includes a second address indicating at least a part of locations of the information 
recording medium at which the second information is recorded, and the disc 
management information includes correlation information which correlates the first 
address information with the second address information, the semiconductor 
integrated circuit is configured to control a head section for performing a recording 
operation or a reproduction operation for the information recording medium. The 
semiconductor integrated circuit receives a first reproduction instruction including a 
third address indicating at least a part of the locations of the information recording 
medium at which the first address information is recorded, controls the head section 
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to reproduce the second address information correlated with the first address 
information by referring to the correlation information in accordance with the first 
reproduction instruction, and outputs the reproduced second address information to 
a host apparatus, the semiconductor integrated circuit receives a second 
reproduction instruction including the second address, controls the head section to 
reproduce the second information recorded in the information recording medium in 
accordance with the second reproduction instruction, and outputs the reproduced 
second information to the host apparatus. 
[0096] According to the present invention, a reproducing method is provided for 

reproducing information recorded in an information recording medium, wherein first 
information, second information, first address information, second address 
information and disc management information at least, are recorded in the 
information recording medium, the second information is update information of the 
first information, the first address information includes a first address indicating at 
least a part of locations of the information recording medium at which the first 
information is recorded, the second address information is update information of the 
first address information, the second address information includes a second address 
indicating at least a part of locations of the information recording medium at which 
the second information is recorded, and the disc management information includes 
correlation information which correlates the first address information with the second 
address information. The reproducing method includes the steps of: generating a 
first reproduction instruction including a third address indicating at least a part of the 
locations of the information recording medium at which the first address information 
is recorded as a first reproduction instruction for reproducing the first address 
information; reproducing the second address information correlated with the first 
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address information by referring to the correlation information in accordance with the. 
first reproduction instruction; generating a second reproduction instruction including 
the second address as a second reproduction instruction for reproducing the second 
information; and reproducing the second information recorded in the information 
recording medium in accordance with the second reproduction instruction. 

According to the present invention, a method implemented in a drive 
apparatus is provided for use in a reproducing apparatus for reproducing information 
recorded in an information recording medium, wherein first information, second 
information, first address information, second address information and disc 
management information at least, are recorded in the information recording medium, 
the second information is update information of the first information, the first address 
information includes a first address indicating at least a part of locations of the 
information recording medium at which the first information is recorded, the second 
address information is update information of the first address information, the 
second address information includes a second address indicating at least a part of 
locations of the information recording medium at which the second information is 
recorded, and the disc management information includes correlation information 
which correlates the first address information with the second address information. 
The method includes the steps of: receiving a first reproduction instruction including 
a third address indicating at least a part of the locations of the information recording 
medium at which the first address information is recorded; reproducing the second 
address information correlated with the first address information by referring to the 
correlation information in accordance with the first reproduction instruction; receiving 
a second reproduction instruction including the second address; and reproducing 
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the second information recorded in the information recording medium in accordance 
with the second reproduction instruction. 

[0098] According to the present invention, a program implemented in a drive 

apparatus is provided for use in a reproducing apparatus for reproducing information 
recorded in an information recording medium, wherein first information, second 
information, first address information, second address information and disc 
management information at least, are recorded in the information recording medium, 
the second information is update information of the first information, the first address 
information includes a first address indicating at least a part of locations of the 
information recording medium at which the first information is recorded, the second 
address information is update information of the first address information, the 
second address information includes a second address indicating at least a part of 
locations of the information recording medium at which the second information is 
recorded, and the disc management information includes correlation information 
which correlates the first address information with the second address information. 
The program includes the steps of: receiving a first reproduction instruction including 
a third address indicating at least a part of the locations of the information recording 
medium at which the first address information is recorded; reproducing the second 
address information correlated with the first address information by referring to the 
correlation information in accordance with the first reproduction instruction; receiving 
a second reproduction instruction including the second address; and reproducing 
the second information recorded in the information recording medium in accordance 
with the second reproduction instruction. 

[0099] According to the present invention, an information recording medium is 

provided to have first information, second information and disc management 
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information recorded thereon, wherein the second information is update information 
of the first information, the disc management information includes correlation 
information which correlates first address information with second address 
information, the first address information includes a first address indicating at least a 
part of locations of the information recording medium at which the first information is 
recorded, and the second address information includes a second address indicating 
at least a part of locations of the information recording medium at which the second 
information is further recorded. 

[00100] In one embodiment of the present invention, the information recording 

medium further having duplication information of the second address information 
recorded thereon, wherein the disc management information further includes status 
information indicating whether the correlation information is valid or invalid, the 
status information is set to indicate that the correlation information is valid when the 
first address information has been updated to the second address information. 

[00101] According to the present invention, even when efficient file incremental 

recording using the image data is performed, information in a predetermined area 
can be rewritten by a replacement mechanism. Thus, it has a file structure the same 
as read-only file structure in the logical space, and reproduction compatibility can be 
implemented. 

[00102] According to the present invention, correlation information for correlating first 

information and second information is recorded in an information recording medium. 
By performing reproduction based on the correlation information, the second 
information, i.e., information updated from the information recording medium, can be 
correctly reproduced even when the reproduction system is a system which can only 
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perform a reproduction operation for a read-only medium or a rewritable recording 
medium. 

[00103] These and other advantages of the present invention will become apparent to 

those skilled in the art upon reading and understanding the following detailed 

description with reference to the accompanying figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[00104] Figure 1 is a diagram showing an appearance of an information recording 

medium and the data structure on the information recording medium in an 

embodiment according to the present invention. 
[00105] Figure 2 is a diagram showing the data structure of the information included 

in the disc management information area in an embodiment according to the 

present invention. 

[00106] Figure 3A is a block diagram showing an information recording/reproduction 

system in an embodiment according to the present invention. 
[00107] Figure 3B is a block diagram showing an information recording/reproduction 

system in an embodiment according to the present invention. 
[00108] Figure 4A is a diagram showing the data structure of the information on the 

information recording medium in an embodiment according to the present invention. 
[00109] Figure 4B is a diagram showing the data structure of the information on the 

information recording medium in an embodiment according to the present invention. 
[001 10] Figure 5 is a diagram showing the data structure relating to the metadata file 

defined by version 2.5 of the UDF standard. 
[00111] Figure 6A is a flowchart showing a recording processing in an embodiment 

according to the present invention. 
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[00112] Figure 6B is a flowchart showing a recording processing in an embodiment 

according to the present invention. 
[00113] Figure 7A is a diagram showing the data structure of the information on the 

information recording medium in an embodiment according to the present invention. 
[00114] Figure 7B is a diagram showing the data structure of the information on the 

information recording medium in an embodiment according to the present invention. 
[00115] Figure 8A is a flowchart showing a reproduction processing in an 

embodiment according to the present invention. 
[00116] Figure 8B is a flowchart showing a reproduction processing in an 

embodiment according to the present invention. 
[00117] Figure 9 is a diagram showing the data structure of the information on the 

information recording medium in an embodiment according to the present invention. 
[001 1 8] Figure 1 0 is a flowchart showing a reproduction processing in an embodiment 

according to the present invention. 
[00119] Figure 11 is a diagram showing the data structure of the information on the 

information recording medium in an embodiment according to the present invention. 
[00120] Figure 12 is a diagram showing the tree structure of directories and files 

recorded on the information recording medium in an embodiment according to the 

present invention. 

[00121] Figure 13 is a diagram showing the data structure of the information on the 

information recording medium according to the conventional technique. 

[00122] Figure 14 is a diagram showing the data structure of the information on the 

information recording medium according to the conventional technique. 

[00123] Figure 15 is a diagram showing the data structure of the information on the 

information recording medium according to the conventional technique. 
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[00124] Figure 16 is a flowchart showing a reproduction processing according to the 

conventional technique. 

[00125] Figure 17 is a diagram showing the data structure of the replacement 

management information list in an embodiment according to the present invention. 
[00126] Figure 18 is a diagram showing an example of the unrecorded area and the 

latest recorded address in an embodiment according to the present invention. 
[00127] Figure 19 is a diagram showing the data structure of the disc structure 

information list in an embodiment according to the present invention. 
[00128] Figure 20 is a diagram showing the data structure on the information 

recording medium in an embodiment according to the present invention. 
[00129] Figure 21 is a diagram showing the data structure of the image data in an 

embodiment according to the present invention. 
[00130] Figure 22 is a diagram showing the data structure of the volume structure 

area in an embodiment according to the present invention. 
[00131] Figure 23 is a diagram showing the data structure of the information on the 

information recording medium in an embodiment according to the present invention. 
[00132] Figure 24 is a flowchart showing a recording processing in an embodiment 

according to the present invention. 
[00133] Figure 25 is a diagram showing the data structure of the information on the 

information recording medium in an embodiment according to the present invention. 
[00134] Figure 26 is a diagram showing the data structure of the information on the 

information recording medium in an embodiment according to the present invention. 
[00135] Figure 27 is a diagram showing the data structure of the information on the 

information recording medium in an embodiment according to the present invention. 
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[00136] Figure 28 is a diagram showing the data structure of the information on the 

information recording medium in an embodiment according to the present invention. 
[00137] Figure 29 is a flowchart showing a recording processing in an embodiment 

according to the present invention. 
[00138] Figure 30 is a diagram showing the data structure of the information on the 

information recording medium in an embodiment according to the present invention. 
[00139] Figure 31 is a diagram showing the data structure of the information on the 

information recording medium in an embodiment according to the present invention. 
[00140] Figure 32 is a diagram showing the data structure of the information on the 

information recording medium in an embodiment according to the present invention. 
[00141] Figure 33 is a block diagram showing the structure of the computer system 

according to the conventional technique. 
[00142] Figure 34 is a diagram showing the data structure of the information on the 

information recording medium according to the conventional recording method. 
[00143] Figure 35 is a diagram showing the data structure of the information on the 

information recording medium according to the conventional recording method. 
[00144] Figure 36 is a diagram showing the data structure of the information on the 

information recording medium in an embodiment according to the present invention. 
[00145] Figure 37 is a diagram showing the data structure of the image data on the 

information recording medium in an embodiment according to the present invention. 
[00146] Figure 38 is a flowchart showing a recording processing in an embodiment 

according to the present invention. 
[00147] Figure 39 is a diagram showing the data structure of the information on the 

information recording medium in an embodiment according to the present invention. 
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[00148] Figure 40 is a flowchart showing a repair processing in an embodiment 

according to the present invention. 
[00149] Figure 41 is a flowchart showing a repair recording processing in an 

embodiment according to the present invention. 
[00150] Figure 42 is a diagram showing the data structure of the information on the 

information recording medium in an embodiment according to the present invention. 
[00151] Figure 43 is a flowchart showing a reproduction processing in an embodiment 

according to the present invention. 
[00152] Figure 44 is a diagram showing the data structure of the mapping 

management information list on the information recording medium in an 

embodiment according to the present invention. 
[00153] Figure 45 is a diagram showing the data structure of the information on the 

information recording medium in an embodiment according to the present invention. 
[00154] Figure 46 is a diagram showing the data structure of the information on the 

information recording medium in an embodiment according to the present invention. 
[00155] Figure 47 is a diagram showing the data structure of the mapping 

management information list on the information recording medium in an 

embodiment according to the present invention. 
[00156] 100 information recording medium 

[00157] 101 lead-in area 

[00158] 102 102a data area 

[00159] 103,103a lead-out area 

[00160] 104a, 104a 105, 105a disc management information area 

[00161] 106, 106a, 107, 107a spare area 

[00162] 108,108a user area 
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BEST MODE FOR CARRYING OUT THE INVENTION 
[00196] Hereinafter, embodiments of the present invention will be described with 

reference to the drawings. 
[00197] (Embodiment 1) 

[00198] Figure 1 is a diagram showing an appearance of an information recording 

medium 100 and a data structure in one embodiment according to the present 
invention. 

[00199] Portion (a) of Figure 1 shows an exemplary information recording area of the 

recording medium 100. In the example shown in portion (a) of Figure 1, a lead-in 
area 101 is located in an inner-most periphery, a data area 102 is located to the 
area next to it, and a lead-out area 103 is located at the outer-most periphery. 

[00200] In the lead-in area 101, reference information necessary for an optical pickup 

to access the information recording medium 100, information for identifying from 
other recording media, and the like are recorded. In the lead-out area 103, similar 
information as those in the lead-in area 101 are recorded. 
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[00201] The data area 102 is separated into sectors, i.e., the smallest units for 

access. Data is recorded/reproduced with ECC blocks (or, ECC clusters) including a 
plurality of sectors as the smallest units. 

[00202] Portion (b) of Figure 1 illustrates the lead-in area 101, the data area 102 and 

the lead-out area 103, which are shown in concentric circles in portion (a) of Figure 
1 , in a traverse direction. 

[00203] The lead-in area 101 and the lead-out area 103 include disc management 

information areas 104 and 105 therein. The disc management information area 
includes replacement information, session management information, unrecorded 
area management information and the like as disc management information. 

[00204] The replacement information refers to a replacement management 

information list including original location information indicating a position of a sector 
(or ECC block) which has a defect on the information recording medium, and 
replacement location information indicating where in a spare area, which will be 
described below, a sector which replaces the defective sector locates, and the like. 

[00205] The data area 102 has spare areas 106 and 107 and user area 108 therein. 

[00206] The spare areas 1 06 and 1 07 are used when there is a defective area in the 

user area, at least partially, to replace the defective area. For example, when there 
is a defective sector in the user area, the spare areas 106 and 107 are used as 
replacement sectors. In the spare areas, information related to the information 
recorded in the user area is recorded. 

[00207] An additional disc management information area can be provided in an inner 

spare area 106 or an outer spare area 107 in order to record the updated disc 
management information. 
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[00208] Replacement recording combining the replacement information and spare 

areas is performed with a verify process. The verify process is a process of 
reproducing the data immediately after the data is recorded and comparing with the 
data recorded to check whether the data is correctly recorded. 

[00209] When there is an error in the verify process, i.e., when the data is not 

correctly recorded, replacement recording is performed (that is, the data is re- 
recorded in the spare area). This method is also referred to as a linear replacement. 

[00210] The present invention implements pseudo-overwrite recording in the write- 

once information recording media by using the replacement mechanism formed of 
the replacement information and spare area. 

[00211] It is possible to reduce recording time by not performing the verify process 

when the image data is recorded. On the other hand, in the pseudo-overwrite 
recording, when the data is recorded in the spare area, the reliability of data 
recording can be improved by performing the verify process. 

[00212] Hereinafter, with reference to Figure 17, the replacement information and the 

pseudo-overwrite recording will be described. 

[00213] The pseudo-overwrite recording is a method of mapping a physical address 

where data is actually recorded to another place without changing an apparent 
logical address where the data is recorded. For performing such a mapping, a 
replacement management information list 1000 shown in portion (a) of Figure 17 is 
used as the replacement information. 

[00214] The replacement management information list 1000 includes header 

information 1001 and a list of the replacement management information. The header 
information 1001 includes the number of the replacement management information 
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included in the replacement management information list 1000 and the like. Each 

replacement management information includes information indicating a mapping. 
[00215] Portion (b) of Figure 17 shows a data structure of the replacement 

management information 1010. The replacement management information 1010 

includes status information 1011, original location information 1012, and 

replacement location information 1013. 
[00216] The status information 1011 includes status information regarding the 

mapping, and indicates, for example, valid/invalid status of the replacement location 

information 1013. 

[00217] The mapping is performed by the original location information 1012 indicating 

the information before replacement and the replacement location information 1013 
indicating the information after replacement. 

[00218] When it is instructed to overwrite data to the recorded logical address, new 

data is recorded in a sector at a physical address different from the physical address 
where the data has been recorded before the overwriting, and the replacement 
information is updated so as to maintain the original logical address. In this way, it 
becomes possible to implement a state that the data is apparently overwritten. 
Specifically, by adding new replacement management information 1011 to the 
replacement management information list 1000, mapping of new data to the original 
logical address is performed. 

[00219] Hereinafter, such a recording method is referred to as pseudo-overwrite 

recording. Next, an information recording/reproduction system for implementing 
such a pseudo-overwrite recording will be described. 

[00220] Figure 3A shows an information recording/reproduction system 300A 

according to one embodiment of the present invention. 
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[00221] The information recording/reproduction system 300A includes a computer 

system 320 and a drive apparatus 330. The computer system 320 may be a host 
apparatus (for example, a personal computer). The drive apparatus 330 may be a 
recording apparatus, reproduction apparatus, or recording/reproduction apparatus. 
The entire information recording/reproduction system 300A may be called recording 
apparatus, reproduction apparatus, or recording/reproduction apparatus. 

[00222] The computer system 320 includes a system control section 321, a 

temporary memory 322, a computer memory 324, and I/O bus 323, and transfers 
data from to the information recording medium 100 via the drive apparatus 330. The 
system control section 321 controls operations of the computer system 320. The 
temporary memory 322 can transfer data to both the computer memory 324 and the 
drive apparatus 330. The temporary memory 322 includes a file structure operation 
area 325 and a data file area 326. The drive apparatus 330 includes a drive control 
section 331 , a temporary memory 332, an internal bus 333, and a head section 334. 
The information recording medium 100 is mounted on the drive apparatus 330. In 
one embodiment of the present invention, the information recording medium 100 is 
a write-once information recording medium. The drive control section 331 controls 
operations of the drive apparatus 330 (for example, operation of recording 
information to the information recording medium 100 using the temporary memory 
332 and the head section 334, and reproducing information from the information 
recording medium 100, and the like). The head section 334 performs recording 
information to the information recording medium 100 and reproducing information 
from the information recording medium 100 by being controlled by the drive control 
section 331 . In this way, the drive apparatus 330 performs data transfer to and from 
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the information recording medium 100 using the temporary memory 332 and the 
head section 334. 

[00223] Figure 4A shows a status where image data 401 is recorded in the user area 

108 of the information recording medium 100. 

[00224] The image data 401 includes a file structure 403 and a user file 405. The 

user file includes video data, audio data, and the like. At a predetermined position in 
the logical address space of the user area 108 (T in Figure 4A), address information 
407 including location information indicating the location of the file structure 403 is 
recorded. The file structure 403 is a file structure for the user file 405. The file 
structure 403 includes recording position, file size, file name and the like on the 
information recording medium 100 of the user file 405. An area where the file 
structure is recorded is, for example, metadata partition in the UDF specification. In 
this case, the file structure 403 is, for example, data to be recorded in a metadata 
partition, such as FID, FE, and the like. By using the file structure, information is 
located, or a reference is made based on the address information within the logical 
address space. 

[00225] A method for recording a user file to the information recording medium 100 

performed by such an information recording/reproduction system 300A will be 
described with reference to Figure 4A, the data structure shown in Figure 7A and a 
flowchart shown in Figure 6A. When the new user file 406 is recorded in the 
information recording medium 100 shown in Figure 4A, the following process is 
performed. Herein, the image data 402 is updated information obtained by updating 
the image data 401. A user file is added to or updated in, or the file structure is 
updated in the image data 401 to obtain image data 402. 



49288.2500 41 
Attorney Docket 

1804496.1 



[00226] The system control section 321 of the computer system 320 commands the 

drive control section 331 to reproduce the file structure 403, and receives the file 
structure 403 reproduced by the drive control section 331 to store in the file 
structure operation area 325 in the temporary memory 322 (S661). 

[00227] The system control section 321 prepares a user file 406 generated by editing 

work and the like by the user, and updates the information of the file structure 403 
related to recording of the user file 406 (S662) . The update process is performed 
with respect to the file structure 403 in the file structure operation area 325. The 
system control section 321 generates the file structure 404 by updating the file 
structure 403. 

[00228] Next, the system control section 321 generates the image data 402 including 

the file structure 404 and the user file 406 in the temporary memory 322, and 
transfer it from the computer memory 324 to the temporary memory 332 of the drive 
control section 331 via the data file area 326. The drive control section 331 records 
the image data 402 in the unrecorded area of the information recording medium 100 
using the head section 334 (S663). 

[00229] The computer system 320 updates the address information 407 as the image 

data 401 is updated to the image data 402, and generates the updated address 
information 407 (i.e., address information including the location information 
indicating the location of the file structure 404) in the temporary memory 322. Then, 
the computer system 320 instructs the drive apparatus 330 to perform overwrite 
recording of the updated address information 407. Specifically, the computer system 
320 instructs the drive apparatus 330 to record the address information 407 updated 
to position 'i' of the logical address of the address information 407 before update. In 
the instructed recording position (position 'i' of the logical address), the address 
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information 407 before update has been recorded. Thus, drive apparatus 330 
records the updated address information 407 in the spare area 106 as the address 
information 408 (S664). 

[00230] The drive control section 331 generates correlation information 409 for 

correlating the address information 407 and the address information 408 in the 
temporary memory 332, and, as shown in Figure 7A, the correlation information 409 
is recorded in the lead-in area 101 of the recording medium 100 (S665). The 
correlation information 409 may be recorded as a part of the above-described 
replacement information. The correlation information 331 is instruction information 
for instructing the drive control section 331 to instruct to reproduce the address 
information 408 when it receives the instruction to reproduce information recorded at 
position 'i' of the logical address (i.e., reproduction instruction of the address 
information 407). The correlation information 409 indicates, for example, physical 
address 'C corresponding to logical address T where the address information 407 is 
recorded, and physical address 'K' where the address information 408 is recorded 
are correlated to each other. Alternatively, it may be indicated that logical address V 
and physical address 'K' are correlated. Since logical address Y of the address 
information 407 and physical address 'K' of the address information 408 are 
correlated to each other, the correlation information 409 may also be regarded as 
the information correlating the address information 407 and address information 408 
in such an example. The reproduction process based on the content of the 
correlation information 409 will be described later. 

[00231] In the above-described recording process, the file structure 403 to which 

logical addresses are assigned are read from the information recording medium 100 
to the file structure operation area 325 of the temporary memory 322. Accordingly, it 
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is no longer necessary for the computer system 320 to perform a process to 
translate the file structure to which the physical addresses are assigned to the file 
structure to which the logical addresses are assigned. Thus, even when the 
computer system 320 does not have a function to perform such a translation, the file 
structure can be updated and rewritten. 

[00232] Thus, the information recording/reproduction system 300A is operable to 

record second address information (e.g. the address information 408) and second 
information (e.g. the file structure 404) in the information recording medium 100 to 
update first information (e.g. the file structure 403) recorded in the information 
recording medium 100 to the second information (e.g. the file structure 404) by 
updating first address information (e.g. the address information 407) recorded in the 
information recording medium 100 to the second address information (e.g. the 
address information 408). Herein, each of the first information and the second 
information can be an arbitrary information. 

[00233] The first address information includes a first address indicating at least part of 

the locations of the information recording medium 100 at which the first information 
is recorded. 

[00234] The first address is not required to indicate all of the locations of the 

information recording medium 100 at which the first information is recorded. For 
example, the first address may indicate a leading location of the locations of the 
information recording medium 1 00 at which the first information is recorded. 

[00235] The second address information includes a second address indicating at 

least part of the locations of the information recording medium 100 at which the 
second information is recorded. 
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[00236] The second address is not required to indicate all of the locations of the 

information recording medium 100 at which the second information is recorded. For 
example, the second address may indicate a leading location of the locations of the 
information recording medium 100 at which the second information is recorded. 

[00237] The system control section 321 of the computer system 320 generates an 

update instruction including a third address indicating at least part of the locations of 
the information recording medium 100 at which the first address information is 
recorded and the second address information as an update instruction for updating 
the first address information to the second address information. The generation of 
the update instruction is performed, for example, by an update instruction 
generating section (not shown) in the system control section 321 . 

[00238] The third address is not required to indicate all of the locations of the 

information recording medium 100 at which the first address information is recorded. 
For example, the third address may indicate a leading location of the locations of the 
information recording medium 100 at which the first address information is recorded. 

[00239] The update instructions generated by system control section 321 is output to 

the drive apparatus 330. The output of the update instruction is performed, for 
example, by an outputting section (not shown) in the system control section 321. 

[00240] The drive control section 331 of the drive apparatus 330 receives the update 

instruction from the system control section 321 of the computer system 320. In 
accordance with the update instruction, the drive control section 331 controls the 
head section 334 to record the second address information in the information 
recording medium 100, generates disc management information including 
correlation information 409, and controls the head section 334 to record the disc 
management information in the information recording medium 100. The correlation 
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information correlates the first address information with the second address 
information. The second address information can be correlated with the first address 
information in an arbitrary manner. The generation of the disc management 
information including the correlation information is performed, for example, by a 
generating section (not shown) in the drive control section 331. 

[00241] The second address information may be generated in the drive apparatus 

330 (for example, the drive control section 331 may generate the second address 
information in response to the update instruction) or may be generated in the 
computer system 320 (for example, the system control section 321 may generate 
the second address information by modifying the first address information. In this 
case, the system control section 321 may generate the update instruction including 
the second address information). 

[00242] The drive control section 331 of the drive apparatus 330 controls the head 

section 334 to record the second information in the information recording medium 
100 in accordance with at least the second address. 

[00243] Thus, the second information and the disc management information including 

the correlation information 409 are recorded in the information recording medium 
100. The control of the head section 334 is performed, for example, by a recording 
control section (not shown) in the drive control section 331 . 

[00244] Next, a procedure of a reproduction process for a user file recorded by the 

above-described recording procedure of the present embodiment will be described 
with reference to a flow chart shown in Figure 8A. When the user file 406 is 
recorded from the information recording medium 100 in the recording status shown 
in Figure 7A, the following process is performed. 
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[00245] The system control section 321 included in the computer system 320 

specifies logical address Y of the address information 407 to instruct reproduction of 
the address information to the drive apparatus 330 (S681). 

[00246] The drive control section 331 converts logical address Y to the corresponding 

physical address value 'C\ Then, the drive control section 331 reads out and makes 
reference to the correlation information 409, and checks whether there is a physical 
address value correlated to the physical address value 'C (S682). In the example 
shown in Figure 7A, the drive control section 331 makes reference to the correlation 
information 409, and detects that the physical address value 'K* is correlated to the 
physical address value 'C (S682). If logical address T directly corresponds to 
physical address value 'K', the conversion from logical address 'i' to physical 
address value 'C is not necessary. 

[00247] The drive control section 331 reproduces information recorded in physical 

address value 'K', i.e., the address information 408, and transfers to the computer 
system 320 (S683). 

[00248] The system control section 321 obtains a logical address value ('n') indicating 

the recording position of the file structure 404 from the transferred address 
information 408, and instructs the drive apparatus 330 to reproduce the file structure 
404. The drive control section 331 receives the instruction and reproduces the file 
structure 404 using the head section 334 to transfer to the computer system 320. 
The transferred file structure 404 is stored in the file structure operation area 325 
(S684). 

[00249] The system control section 321 obtains the recording position of the user file 

406 from the file structure 404 stored in the file structure operation area 325, and 
instructs the drive apparatus 330 to reproduce the user file 406. The drive control 
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section 331 receives the instruction and reproduces the user file 406, using the 
head section 334 to transfer to the computer system 320 (S685). The computer 
system 320 stores the received user file 406 in the temporary memory 322 or the 
computer memory 324, and, for example, displays images, outputs sounds or the 
like using video data and audio data included in the user file 406. Alternatively, the 
computer system 320 performs editing or the like of the video data and the audio 
data. 

[00250] In the above-described reproduction process, from the viewpoint of the 

computer system 320, by just making reproduction instructions of the address 
information 407 recorded in a predetermined logical address ('i') all the time, the 
address information having the position of the latest file structure (in this example, 
the address information 408 indicating the position of the file structure 404). 

[00251] The computer system 320 instructs the drive apparatus 330 to update and 

overwrite the address information 407 for recording the user file 406. For 
reproducing the user file 406, first, logical address value T of the address 
information 407 is instructed to the drive apparatus 330. However, actually, the drive 
apparatus 330 which makes reference to correlation information 409 can obtain the 
address information 408. Based on the address information 408, the user file 406 
can be reproduced. In other words, pseudo-overwrite recording in which the address 
information, i.e., update information, is overwritten at the recording position of the 
address information 407 for the computer system 320 can be implemented. 

[00252] As described above, the drive apparatus 330 reads out the correlation 

information 409 from the information recording medium 100 and makes reference 
thereto. In this way, the computer system 320 can correctly reproduce the user file 
406 which is the latest information from the information recording medium 100 even 
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when it is a system which can only reproduce read-only media, or rewritable 
recording media. By processing the correlation information 409 within the drive 
apparatus 330, the reproduction procedure for directories and/or files in the 
computer system 320 can be completely the same as the read-only or rewritable 
reproduction procedure, and, thus, broad compatibility with the computer system 
320 can be realized. As described above, according to the present invention, the 
write-once information recording media has reproduction compatibility with a system 
which can only reproduce read-only media, or rewritable recording media. 

[00253] Furthermore, according to the present invention, the pseudo-overwrite 

recording is performed not for all the data recorded in the logical address space, but 
for specific information such as management information for the files and directory 
information and the like. Thus, a capacity of the correlation information 409 required 
for pseudo-overwrite recording can be limited to a certain capacity, and 
implementation at the drive apparatus 330 becomes convenient. 

[00254] Further, as an additional use, when recording cannot be performed in an area 

where attempts are being made to record data due to factors such as a defect, a 
scratch, and the like, provided that the it is immediately after the recording process, 
the data can be re-written correctly using the pseudo-overwrite recording. This 
additional benefit provides a significant merit in the industrial aspect. In a 
conventional medium such as a CD-R disc or the like, if there is an error in writing, 
the disc cannot be re-used. However, according to the present invention, it is 
possible to correct the error in writing. This means that the cost of manufacturing the 
discs can be reduced. Conventionally, it has been required that there is no defect on 
discs when the discs are manufactured. However, by utilizing the present invention, 
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the quality of the discs upon manufacturing can be lowered, and thus, the cost of 
manufacturing can be further reduced. 

[00255] Thus, the information recording/reproduction system 300A is operable to 

reproduce information recorded in an information recording medium 100. 

[00256] The system control section 321 of the computer system 320 generates a first 

reproduction instruction including a third address as a first reproduction instruction 
for reproducing the first address information. The generation of the first reproduction 
instruction is performed, for example, by a reproduction instruction generating 
section (not shown) in the system control section 321. The first reproduction 
instruction generated by the system control section 321 is output to the drive 
apparatus 330. The output of the first reproduction instruction is performed, for 
example, by an outputting section (not shown) in the system control section 321. 

[00257] The drive control section 331 of the drive apparatus 330 receives the first 

reproduction instruction from the system control section 321 of the computer system 
320, controls the head section 334 to reproduce the second address information 
correlated with the first address information by referring to the correlation 
information 409 in accordance with the first reproduction instruction, and outputs the 
reproduced second address information to the computer system 320. The second 
address information is reproduced, for example, by a reproduction section (not 
shown) in the drive control section 331. 

[00258] Thus, the second address information, which is update information of the first 

address information, can be reproduced. 

[00259] The system control section 321 of the computer system 320 receives the 

second address information from the drive apparatus 330, generates a second 
reproduction instruction including the second address as a second reproduction 
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instruction for reproducing the second information. The generation of the second 
reproduction instruction is performed, for example, by the reproduction instruction 
generating section (not shown) in the system control section 321. The second 
reproduction instruction generated by the system control section 321 is output to the 
drive apparatus 330. The output of the second reproduction instruction is performed, 
for example, by the outputting section (not shown) in the system control section 321. 

[00260] The drive control section 331 of the drive apparatus 330 receives the second 

reproduction instruction from the system control section 321 of the computer system 
320, controls the head section 334 to reproduce the second information recorded in 
the information recording medium 100 in accordance with the second reproduction 
instruction, and outputs the reproduced second information to the computer system 
320. The control of the head section 334 is performed, for example, by a 
reproducing control section (not shown) in the drive control section 331. 

[00261] Thus, the second information, which is update information of the first 

information, can be reproduced. 

[00262] Next, an unrecorded area management on the user area 108 will be 

described below. First, an unrecorded area management according to a sequential 
recording method is described with reference to portion (c) of Figure 1 and then an 
unrecorded area management according to a random recording method is 
described with reference to Figure 18. 

[00263] Portion (c) of Figure 1 is a diagram showing unrecorded area management 

on the user area 108 shown in portion (b) of Figure 1 as a unit of track or session. 
Each session includes a plurality of tracks. 

[00264] Each track is formed as a contiguous area on the information recording 

medium 100. The start location of each track and the area at which information has 
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been recorded last, are managed by track management information, which will be 
described later. 

[00265] Each session includes a plurality of tracks which are continuously arranged 

on the information recording medium 100. Each session is managed by session 

management information, which will be described later. 
[00266] Portions (a) and (b) of Figure 2 shows the data structure of session 

management information 200 and the track management information 210 included 

in the disc management information area, respectively. 
[00267] The session management information 200 shown in portion (a) of Figure 2 

includes a header information 201 and a plurality of track management information. 
[00268] The header information 201 includes general information such as an identifier 

of the session management information 200 and the number of the track 

management information shown in portion (b) of Figure 2. 
[00269] Each track management information shown in portion (a) of Figure 2 includes 

information corresponding to a track shown in portion (c) of Figure 1. Specifically, 

the track management information #N shown in portion (a) of Figure 2 corresponds 

to the track #N shown in portion (b) of Figure 2, where N is an integer greater than 

or equal to 1. 

[00270] The track management information 210 shown in portion (b) of Figure 2 

includes the following information: session start information 21 1 indicating whether a 
corresponding track is a leading track of the session; track start location information 
212 indicating start location of the track; and last recorded address information 213 
indicating a location at which data has been lastly recoded within the track. The 
track management information 210 for managing these tracks is recorded on the 
lead-in area by the control section. 
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[00271] If a track managed by the track management information is located at a 

leading position of the session, information having a value indicating such (e.g. "1") 
is set to the session start information 211. Otherwise, information having a different 
value (e.g. "0") is set to the session start information 21 1 . 

[00272] The start location of the corresponding track is recorded on the track start 

location information 212 by the use of physical addresses. 

[00273] The last recorded physical address at which data has been recorded last 

within the corresponding track is recorded on the last recorded address information 
213. In portion (c) of Figure 1, the last recorded address in track 121 is one example 
of the last recorded address information 213. 

[00274] In the present embodiment, it is possible to record data for each track. The 

data recording is performed from a leading position of each track. The data is 
continuously allocated within the track. Once the data has been recorded, the last 
recorded address information 213 is updated to indicate the last recorded address. 

[00275] When the data recording is performed next time, the latest value of the last 

recorded address information 213 is checked. As a result, it is possible to know the 
next recording start location. In general, the next recording start location is a 
physical sector which is next to the physical sector indicated by the last recorded 
address information 213. Alternatively, when the data recording is made as a 
minimum unit of ECC block with respect to the information recording medium 100, 
the next recording start location may be within an ECC block which is next to the 
ECC block including the physical sector indicated by the last recorded address 
information 213. 

[00276] In one embodiment of the present invention, there is a method for avoiding 

the consumption of the spare area during recording data. When the data recording 
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is performed as a unit of a sector on the write-once recording medium having a 
pseudo overwrite function, the actual data recording is performed as a unit of an 
ECC block. For example, when the data recording for one sector is performed in a 
case where one ECC block includes 32 sectors, one ECC block is consumed. 
Specifically, one ECC block including the sector to be recorded is read, and then 
one ECC block, to which data is to be recorded is added, is instructed to be pseudo 
overwritten. As a result, the data of this ECC block is recorded in the spare area. In 
the present invention, the data is recorded from a leading position of an ECC block 
which is the next to the ECC block including the last recorded location so that the 
ECC block at which the data has been already recorded is not used. Thus, the 
consumption of the spare area can be avoided. 

[00277] In an example shown in portion (c) of Figure 1 , in the session #2, unrecorded 

area 122 next to the last recorded address information 213 is an empty area. The 
data can be recorded in the unrecorded area 122. 

[00278] The track having a state where data can be recorded is called an open track. 

The track number of the open track (i.e. recordable track) is stored in the header 
information 201 of the session management information 200 shown in portion (a) of 
Figure 2 (for example, in the form of a first open track number 203 and a second 
open track number 204) . 

[00279] On the other hand, the track number of the track having a state where data 

cannot be recorded (i.e. non-recordable track or closed track) for some reason (for 
example, there does not exist any unrecorded area or due to an instruction from a 
user) is not stored in the header information 201. 
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[00280] It is possible to know an empty area on the information recording medium 

100 by checking the open track number and the last recoded address information 
213. 

[00281] Figure 18 is a diagram showing unrecorded area management on the user 

area 108 shown in portion (b) of Figure 1 according to a random recording method. 

[00282] In the write-once information recording medium 100, it is possible to perform 

a kind of random recording which records data at an arbitrary position (physical 
address) on the information recording medium, by managing sectors (or ECC 
blocks) at which data has been recorded. In Figure 18, an unrecorded area 110 is 
an area where data has not been recorded. Any area other than the unrecorded 
area 1 10 and which is located at an inner side from the position indicated by the last 
recorded address 120 is an area where data has been recorded. 

[00283] In order to realize such a random recording, it is necessary to manage the 

unrecorded area and the last recorded address on the information recording 
medium 100. In the present embodiment, such a management can be realized using 
the disc management information recorded in the disc management information 
areas 104 and 105. Hereinafter, the detailed description of the disc management 
information recorded in the disc management information area 105 will be omitted, 
since it may be duplication of the disc management information recorded in the disc 
management information area 104 for the purpose of improving the reliability of the 
information recording medium 100 or an extension area for recording data which 
cannot be stored in the disc management information area 104. 

[00284] The disc management information recorded in the disc management 

information area 104 includes disc structure information 1110 shown in Figure 19. 
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The last recorded address information 1107 indicating the last recorded address 

120 is recorded in the disc structure information 1110. 
[00285] The space bitmap management information 220 shown in portion (c) of 

Figure 2 is also recorded in the disc management information recorded in the disc 

management information area 104. 
[00286] The space bitmap management information 220 includes header information 

221, managed area information 222 and space bitmap information 223. 
[00287] The header information 221 includes general information such as an identifier 

of the space bitmap management information 220. 
[00288] The managed area information 222 includes information which specifies an 

area in the user area 108, wherein the unrecorded/recorded status of each sector 

included in the area is managed by the space bitmap management information 220. 

For example, the information includes a start location or length of the managed area 

in the user area 108. 

[00289] The space bitmap information 223 includes information indicating the 

unrecorded/recorded status of each sector (or ECC block) included in the managed 
area in the user area 108. For example, one bit of data is assigned to each sector. If 
the sector is in the unrecorded status, a specific value (e.g. "0") is set to the bit for 
the sector. If the sector is in the recorded status, a specific value (e.g. "1") is set to 
the bit for the sector. Thus, it is possible to manage the unrecorded/recorded status 
for every sector in the managed area. 

[00290] As described above, it is possible to manage the unrecorded/recorded status 

for each sector on the information recording medium 100 by the use of either the 
session management information 200 or the space bitmap management information 
220. Accordingly, either one of the session management information 200 or the 
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space bitmap management information 220 can be selectively used according to the 
purpose of use. Alternatively, both these information can be used. The information 
regarding the space bitmap management method is recorded in the recording mode 
information 1 106 of the disc structure information 1 100. 

[00291] The disc structure information 1100 further includes general information 1 101 

concerning the general nature of the disc structure information 1100; replacement 
management information list location information 1102 indicating location of the 
latest replacement management information list 1000 in the disc management 
information areas 104 and 105; user area start location information 1103 indicating 
start location of the user area 108; user area end location information 1104 
indicating end location of the user area 108; and spare area information 1105 and 
spare area management information 1108 which indicates the capacity of the spare 
areas 106, 107 and the area available for replacement. 

[00292] By using spare area information 1 105, it is possible to change the capacity of 

a spare area for each information recording medium. For example, it is possible to 
set the capacity of the spare area 106 or the spare area 107 to zero. 

[00293] The disc structure information 1100 further includes session management 

information location information 1109 indicating location of the latest session 
management information 200 in the disc management information areas 104, 105; 
and space bitmap management information location information 1110 indicating 
location of the latest location of the space bitmap management information 220 in 
the disc management information areas 104, 105. 

[00294] The user data recorded on the user area managed as shown in portion (c) of 

Figure 1 and Figure 18 is managed by a file system. A space managed by the file 
system is referred to as a volume space 109. 
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[00295] Hereinafter, it is assumed that the descriptor and the pointer and the like 

recorded on the information recording medium 100 as the volume file structure of 
the file system has a data structure defined by ISO/IEC13346 standard or UDF 
(Universal Disc Format) specification, so long as there is no specific detailed 
descriptions. 

[00296] Further, it is assumed that the metadata partition and the metadata file which 

will be described later has a data structure defined by version 2.5 of the UDF 
specification. 

[00297] The information recording medium 100 shown in Figure 1 has a single 

recording surface. However, there exists an information recording medium having 
two or more recording surfaces. 

[00298] Figure 20 is a diagram showing a data structure of the information recording 

medium 100b having two layers. Each layer has a recording surface. In Figure 20, 
L0 denotes a first layer and L1 denotes a second layer. Each layer has substantially 
the same structure as the information recording medium 100. The lead-in area 101 
is located in an inner-most periphery of the first layer. The lead-out area 103a is 
located in an inner-most periphery of the second layer. The outer areas 103b, 103c 
are located in an outer-most periphery of the respective layers. The lead-in area 
101, the outer area 103b, the lead-out area 103a and the outer area 103c includes 
disc management information areas 104, 105, 104a and 105a, respectively. 

[00299] Further, as shown in Figure 20, the spare areas 106, 106a, 107 and 107a are 

located. As described above, the capacity of each spare area can be changed for 
each information recording medium. The user areas 108 and 108a are handled by a 
single volume space having logically contiguous addresses. 
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[00300] Thus, in a logical sense, the information recording medium having a plurality 

of recording surfaces can be handled in a similar manner as the information 
recording medium having a single recording surface. Hereinafter, the information 
recording medium having a single recording surface will be described. However, it 
should be understood that such a description directed to the information recording 
medium having a single recording surface is also applicable to the information 
recording medium having a plurality of recording surfaces. The information 
recording medium having a plurality of recording surfaces will be specifically 
referred to only if any additional/supplemental explanations are required. 

[00301] Figure 3B shows a structure of an information recording/reproduction 

apparatus 300B according to the present embodiment of the present invention. 

[00302] The information recording/reproduction apparatus 300B includes a host 

apparatus 305 and a drive apparatus 310. 

[00303] The host apparatus 305 can be, for example, a computer system or a 

personal computer. The drive apparatus can be any of a recording apparatus, a 
reproduction apparatus or a recording/reproduction apparatus. The information 
recording/reproduction apparatus 300B, as a whole, can be called a recording 
apparatus, a reproduction apparatus or a recording/reproduction apparatus. 

[00304] The host apparatus 305 includes a system control section 310, a memory 

circuit 302, an I/O bus 303 and a magnetic disc apparatus 304. 

[00305] The system control section 301 can be implemented, for example, by a 

microprocessor including a system control program and a memory for calculation. 
The system control section 301 performs control of processing and calculation such 
as recording/reproduction of the volume structure/file structure of the file system, 
recording/reproduction of the metadata partition/file structure which will be described 
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later, recording/reproduction of the file, recording/reproduction of the lead-in area 
and the lead-out area. 

[00306] The memory circuit 302 is used to calculate or temporarily store the volume 

structure, file structure, metadata partition/file structure and file. 

[00307] The drive apparatus 310 includes a drive control section 311, a memory 

circuit 312, an internal bus 313, a recording/reproduction section 314 and an 
information recording medium 100. 

[00308] The drive control section 311 can be implemented, for example, by a 

microprocessor including a drive control program and a memory for calculation. The 
drive control section 311 performs control of processing and calculation such as 
recording/reproduction of the disc management area and the spare area, pseudo 
overwrite recording/reproduction. 

[00309] The system control sections 301 , 321 and the drive control sections 31 1 , 331 

shown in Figures 3A and 3B can be implemented by an integrated circuit such as an 
LSI. Alternatively, they can be implemented by a general processor and a memory 
(e.g. ROM). In the memory (e.g. ROM), a program executable by the processor (e.g. 
the general processor) is stored. This program represents a reproduction processing 
and a recording processing according to the present invention which is described 
above or will be described below. The computer (e.g. the general computer) 
executes the reproduction processing and the recording processing in accordance 
with this program. 

[00310] The memory circuit 312 is used to calculate or temporarily store data relating 

to the disc management information area and the spare area, and data transferred 
to the drive apparatus 31 0. 
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[00311] Next, with reference to Figure 4B, the data structure on the information 

recording medium 100 after a first time data recording will be described. 

[00312] In an example shown in Figure 4B, the file and directory tree structure shown 

in Figure 12 is recorded on the information recording medium 100. 

[00313] The volume structure area 410 and the physical partition 420 are recorded in 

the volume space 109. 

[00314] The metadata partitions 430, 431 defined by version 2.5 of the UDF 

specification are included in the physical partition 420. 

[00315] Further, the metadata file 440 and the metadata mirror file 450 which is a 

duplication of the metadata file 440 are recorded in the physical partition 420. In 
Figure 4B, FE denotes a file entry indicating recording location of the file in the 
physical partition 420. The FE (Metadata file) 441. and the FE (Metadata mirror file) 
451 are recorded in the physical partition 420. The data file (File-a) 460 and the data 
file (File-b) 470 are also recorded in the physical partition 420. The FE (Metadata 
file) 441 is address information indicating recording location of the metadata file 440. 

[00316] Any information relating to the file structure such as FE and the directory file 

are located in the metadata partition (i.e. in the metadata file). 

[00317] In order to record such data, image data corresponding to image data 500 

shown in Figure 4B is produced in advance, for example, on the magnetic disc 
apparatus 304. After recording the volume structure area 410 and the volume 
structure area 41 1, the image data 500 is recorded on the volume space 109. Thus, 
the data structure shown in Figure 4B can be obtained. 

[00318] The volume structure area 411 may be recorded after recording the image 

data 500. 
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[00319] With reference to portion (a) of Figure 21, the data structure of image data 

500 will be described below. The image data 500 can be obtained by integrating the 
file and directory tree structure and the latest file management information for 
managing the file and directory tree structure as one file. 

[00320] The image data 500 includes, in the order from the top of thereof, FE 

(Metadata file) 441, a metadata file 440, a data file (File-a) 460, a data file (File-b) 
470, FE (Metadata mirror file) 451 and a metadata mirror file 450. 

[00321] It is preferable to locate the metadata file and the metadata mirror file apart 

from each other in order to avoid the destruction of the file management information 
due to some reason (e.g. any scratch on the information recording medium). 

[00322] Each of the metadata file 440 and the metadata mirror file 450 includes, as 

the file management information, a file set descriptor 433, FE (ROOT) 442, FE (Dir- 
A) 443, FE (Dir-b) 444, FE (File-a) 445 and FE (File-b) 445. In order to simplify the 
explanation, it is assumed that the directory file is included in each FE. 

[00323] The order of the data in the metadata file 440 may be an order shown in 

portion (b) of Figure 21. In portion (b) of Figure 21, the file management information 
is arranged in view of the directory tree. Specifically, the directory (Dir-A) is followed 
by the data file (File-a) under the directory, and the directory (Dir-B) is followed by 
the data file (File-b) under the directory. 

[00324] The arrangement of data mentioned above makes it possible to efficiently 

access the data in a particular application. For example, in a particular application 
such as TV program recording, it is possible that the directory tree for recording data 
is first determined and then any file and any directory under the directory are located 
within the neighborhood. 

49288.2500 62 
Attorney Docket 

1804496.1 



• -J - 

[00325] In the data structure of the image data, each of the FE (metadata file) and the 

metadata file can be located at a leading position of an ECC block. In this case, 
padding data (e.g. data having all zeros) is recorded between the FE (metadata file) 
and the metadata file. Similarly, padding data (e.g. data having all zeros) may be 
recorded between the FE (metadata mirror file) and the metadata mirror file. 

[00326] Next, with reference to Figure 5, the reference relationship between data of 

the volume structure and the data of the file structure when the metadata file is used 
will be described below. The volume structure and the file structure defined by the 
UDF specification has an anchor volume descriptor pointer 600 (hereinafter, 
referred to as AVDP 600) as a start point. By reading the AVDP 600 recorded in a 
predetermined location of the information recording medium 100, it is possible to 
know the recording location of the volume structure area 410. The anchor volume 
descriptor pointer indicates location of address information. 

[00327] The volume structure area 410 includes a logical volume descriptor 601. 

From the logical volume descriptor 601, it is possible to know the recording location 
of the file set descriptor 433 in the metadata partition 430. 

[00328] The logical volume descriptor 601 further includes a partition map (type 2) 

602. From the partition map (type 2) 602, it is possible to know the recording 
location of the FE (metadata file) 441 and the FE (metadata mirror file) 451. 

[00329] The metadata file 440 is also a kind of file managed by the FE. From the FE 

(metadata file) 441, it is possible to know the recording location of the metadata file 
440 on the physical partition 420 (i.e. the recording location of the metadata partition 
430). 
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[00330] At this time, by using the recording location information of the file set 

descriptor 433 obtained above, the file structure can be retrieved in steps so as to 

access the data file (File-a) 460, for example. 
[00331] In the metadata mirror file 450, the duplication of the metadata file 440 is 

recorded. Accordingly, by using the metadata mirror file 450, it is possible to read 

the data file (File-a) 460. 
[00332] Portion (a) of Figure 22 shows an example of the data arrangement of the 

volume structure information in the volume structure area 410. The volume structure 

area 410 includes a logical volume descriptor 601 and a first anchor volume 

descriptor pointer 600. 

[00333] The logical volume descriptor 601 includes a partition map (type 1) 1200, a 

metadata file location 1201, a metadata mirror file location 1202 and a flag 1203. 

[00334] The partition map (type 1) 1200 is information for managing the physical 

partition. The metadata file location 1201 is information indicating location of the FE 
(metadata file) 441 in the physical partition. The metadata mirror file location 1202 is 
information indicating location of the FE (metadata mirror file) 451 in the physical 
partition. The flag 1203 is information indicating whether or not there exists a 
metadata mirror file 450 on the information recording medium 100, wherein the 
metadata mirror file 450 is an optional function of the UDF specification. 

[00335] Portion (b) of Figure 22 shows an example of the data arrangement in the 

volume structure area 41 1 . 

[00336] The volume structure area 41 1 includes information similar to the information 

included in the volume structure area 410. For example, the volume structure area 
411 includes a second anchor volume descriptor pointer and a third anchor volume 
descriptor pointer. 
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[00337] In each data structure mentioned above, if necessary, it is possible to locate 

dummy data (e.g. OOh) so that the data arrangement matches with the boundary of 
the ECC blocks. For example, it is possible to locate each anchor volume descriptor 
pointer, the primary volume descriptor, the logical volume descriptor 601 and the 
logical volume integrity descriptor from a leading position of the ECC block. 

[00338] When the user area includes a plurality of tracks, the plurality of anchor 

volume descriptor pointers described above can be included in the respective 
tracks. 

[00339] Next, with reference to the flowchart shown in Figure 6B and an example of 

the data structure on the information recording medium 100 shown in Figure 7B, the 
procedure for incremental recording of a new data file using image data when the 
information recording medium is in the status shown in Figure 4B. 

[00340] Herein, it is assumed that image data corresponding to the image data 650 is 

produced as new image data on the magnetic disc apparatus 304 and the new 
image data is recorded on the information recording medium 100. 

[00341] Portion (a) of Figure 23 shows a new data file to be incrementally recorded 

and its directory structure. Portion (a) of Figure 23 shows the status where the 
directory (Dir-C) and, under its directory, the data file (File-c) and the data file (File- 
d) are recorded with respect to the status shown in Figure 12. 

[00342] Portion (b) of Figure 23 shows a data structure of the image data 650 

generated as the result of incremental recording. The image data 650 includes FE 
(metadata file) 621, a metadata file 620, a data file (file-c) 630, a data file (file-d) 
631, FE (metadata mirror file) 612 and a metadata mirror file 613. 

[00343] The file management information for the directory (Dir-C), the data file (File-c) 

and the data file (File-d) described above have been added to the metadata file 620. 

49288.2500 65 
Attorney Docket 

1804496.1 



That is, the FE (Dir-C) 622, the FE (File-c) 623 and the FE (File-d) 624 have been 
added to the metadata file 440. 
[00344] The metadata mirror file 613 includes duplication data of the metadata file 

620. 

[00345] Prior to recording the image data 650, the system control section 301 and the 

drive control section 311 read data required to record/reproduce data from the disc 
management area and the like of the information recording medium 100. 

[00346] When the recording of the image data 650 is started, the system control 

section 301 reads the image data 650 from the magnetic disc apparatus 304 and 
transfer the read image data 650 to the memory circuit 302 (step S101). 

[00347] Further, the system control section 301 holds a part of the FE (metadata file) 

621 separately in the memory circuit 302. 

[00348] Next, the system control section 301 instructs the drive apparatus 310 to 

record the image data 650 (step S102). 

[00349] With reference to the session management information 200 (or space bitmap 

management information 220), the image data 650 is recorded on unrecorded 
contiguous areas of the information recording medium 100. 

[00350] Next, the system control section 301 instructs the drive apparatus 310 to 

pseudo overwrite the information of the FE (metadata file) 621 held in the memory 
circuit 302 on the FE (metadata file) 441 (step S103). 

[00351] The drive apparatus 310 records the data of the FE (metadata file) 621 

transferred from the memory circuit 302 in the spare area 106 as the FE (metadata 
file) 640. Further, the drive apparatus 310 updates replacement information included 
in the disc management information recorded in the disc management information 
area 104 so as to map the FE (metadata file) 441 to the FE (metadata file) 640. The 
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FE (metadata file) 640 is address information indicating the recording location of the 
metadata file 620. 

[00352] New replacement management information 1010 is generated. The location 

information of the FE (metadata file) 441 is set to the original location information 
1012. The location information of the FE (metadata file) 640 is set to the 
replacement location information 1013. The new replacement management 
information 1010 is added to the replacement management information list 1000. 

[00353] Further, the pseudo overwrite is performed with respect to the FE (metadata 

mirror file) 451. As a result, the FE (metadata mirror file) 651 is mapped to the FE 
(metadata mirror file) 451. 

[00354] It is desirable to record the FE (metadata mirror file) 640 and the FE 

(metadata mirror file) 651 in the different spare areas, respectively. The FE 
(metadata mirror file) 651 is duplication data of the FE (metadata mirror file) 640 for 
the purpose of improving the resistance against the destruction of data. By locating 
those two FEs physically apart from each other, it is possible to enhance the 
resistance against the destruction of data. In order to realize such a pseudo 
overwrite recording, it is desirable that the capacity of the spare area 107 is equal to 
or greater than that of the spare area 106. The capacity of each spare area is 
managed by the spare area information 1105. 

[00355] According to the processing mentioned above, the reference from the 

partition map (type 2) 602 is changed from the FE (metadata file) 441 to the FE 
(metadata file) 621, as described with reference to Figure 5. 

[00356] The disc management information is updated to reflect the result of the 

processing mentioned above (step S104). 
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[00357] For example, the last recorded address information 1107 is updated. The 

session management information 200 (or space bitmap management information 
200) is updated to the latest status depending on the recording of the image data 
650. The replacement management information list 1000 may be updated at this 
time. 

[00358] After completing the processing for recording such a file, the processing for 

reproducing the file is performed. With reference to the flowchart shown in Figure 
8B, the processing for reproducing the file will be described below. Herein, an 
operation of reproducing the data file (File-a) 460 will be described as an exemplary 
reproduction operation. 

[00359] The system control section 301 outputs an instruction to the drive apparatus 

310 so as to reproduce the AVDP 600 recorded in a predetermined location (e.g. 
logical address = 256) of the information recording medium 100 (step S201). 

[00360] Next, the system control section 301 obtains the location information of the 

volume structure 410 from the AVDP 600, and outputs an instruction to the drive 
apparatus 310 so as to reproduce the volume structure 410 (step S202) . 

[00361] The system control section 301 further obtains the location information 

(logical address) of the FE (metadata file) 441 from the volume structure 410. 

[00362] Next, the system control section 301 reproduces the file structure (step 

S203). 

[00363] In order to reproduce the file structure, the system control section 301 

outputs a reproduction instruction to the drive apparatus 310 based on the location 
information (logical address) of the obtained FE (metadata file) 441. 

[00364] Upon the receipt of the instruction, the drive apparatus 310 refers to the 

replacement management information list 1000, retrieves the replacement 
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management information 1010 holding the original location information 1012 
corresponding to the location information (logical address) of the FE (metadata file) 
441. When the drive apparatus 310 retrieves the replacement management 
information 1010, it obtains the replacement location information 1013 included in 
the replacement management information 1010. As a result, the location information 
of the FE (metadata file) 640 is obtained. The drive apparatus 310 reproduces the 
FE (metadata file) 640 and returns it back to the system control section 301. 

[00365] As described above, the FE (metadata file) 640 includes the same 

information as the FE (metadata file) 621. 

[00366] Accordingly, the system control section 301 obtains the location information 

of the metadata file 620 from the information of the obtained FE (metadata file) 640. 
Thus, it is possible to access the metadata file 620 included in the latest file 
management information. 

[00367] Then, the data file (File-a) 460 is reproduced in accordance with the normal 

reproduction procedure of the UDF specification (step S204). 

[00368] In the description above, the description of reproduction of the metadata 

mirror file is omitted. However, it is understood that, if necessary, the metadata 
mirror file can be recorded/reproduced in a similar manner as the metadata file. 

[00369] According the structure mentioned above, it is possible to pseudo overwrite 

the information in a pre-determined area using a replacement mechanism including 
a replacement information and a replacement area. As a result, on the logical 
space, the file structure for pseudo overwrite is the same as the file structure for 
reproduction only. Thus, it is possible to reproduce data recorded in a write-once 
recording medium, even in the system which is not capable of performing the 
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reproduction operation for the read-only medium or the rewritable recording 
medium. 

[00370] Moreover, efficient incremental recording of data can be performed using the 

image data, and it becomes possible to rapidly access the latest file structure 
without performing the search for the lead-in (border-in) area, lead-out (border-out) 
area and the like. 

[00371] Furthermore, only the minimum data is updated by pseudo-overwriting. Thus, 

the burden of the replacement process can be alleviated, and the consumption of 
the spare area can be suppressed. 

[00372] (Embodiment 2) 

[00373] In this embodiment, an example of recording image data 650 from the state 

as shown in Figure 4B by using a recording process different from that in the above- 
described embodiment will be described. 

[00374] Figure 9 shows a data structure after a recording process according to the 

present embodiment is performed. A difference between Figures 9 and 7B is that, in 
the example shown in Figure 7B, FE (metadata file) is a target of pseudo-overwrite 
recording when recording the image data 650, while in the present embodiment, a 
volume structure is a target of pseudo-overwrite recording. In a recording procedure 
illustrated in Figure 6B, FE (metadata file) 441 is updated by pseudo-overwrite 
recording in step S103. In the present embodiment, a logical volume descriptor 601 
including a partition map (type 2) 602 in Figure 5 is updated by pseudo-overwrite 
recording. 

[00375] More specifically, the logical volume descriptor 601 included in a volume 

structure area 411 in Figure 9 is pseudo-overwrite recorded and mapped to a- 
volume structure 700. 
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[00376] The recording procedure used in such an example will be described with 

reference to Figure 24. 

[00377] Before recording the image data 650, a system control section 301 and a 

drive control section 311 read out data necessary for recording/reproducing data 
from a disc management area, and the like, of the information recording medium 
100. 

[00378] When recording of the image data 650 is started, the system control section 

301 reads out the image data 650 from a magnetic disc apparatus 304, and 
transfers this to a memory circuit 302 (step S1 101). 

[00379] Next, the system control section 301 instructs a drive apparatus 31 0 to record 

the image data 650 (step 1102). 

[00380] At this time, with reference to session management information 200 (or space 

bitmap management information 220), the image data 650 is recorded in 
unrecorded contiguous areas of the information recording medium 100. 

[00381] Next, the system control section 301 updates the volume structure (step 

S1103). The system control section 301 reproduces data from a volume structure 
area 410, and holds the data in the memory circuit 302. Further, the system control 
section 301 updates information of the partition map (type 2) 602 in the memory 
circuit 302, and updates such that metadata file location 1201 indicates FE 
(metadata file) 621, and metadata mirror file location 1202 indicates FE (metadata 
mirror file) 612. 

[00382] The system control section 301 instructs the drive apparatus 310 to perform 

pseudo-overwrite recording of the updated information to the volume structure area 
410. 
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[00383] The drive apparatus 310 receives the instruction, and records the updated 

data transferred from the memory circuit 302 in a spare area 106 as a volume 
structure 700. 

[00384] Further, the drive apparatus 310 updates replacement information included in 

disc management information recorded in a disc management information area 104, 
and maps the volume structure area 410 to the volume structure 700. 

[00385] More specifically, new replacement management information 1010 is 

generated. Location information of the volume structure area 410 is set to original 
location information 1012, and location information of the volume structure 700 is 
set to replacement location information 1013. This new replacement management 
information 1010 is added to a replacement management information list 1000. 

[00386] Further, the volume structure area 411 is similarly updated and pseudo- 

overwrite recorded. At this time, with respect to the volume structure area 411, a 
volume structure 701 is mapped. 

[00387] It is desirable that the volume structure 700 and the volume structure 701 are 

recorded in different spare areas. The volume structure 701 is duplication data 
which provides for data corruption of the volume structure 700. The tolerance to 
data corruption is stronger when they are located in physically distinct areas. 

[00388] In order to realize such pseudo-overwrite recording, the capacity of a spare 

area 107 is preferably equal to or larger than that of the spare area 106. The 
capacity of the respective spare regions is managed by spare area management 
information 1105. 

[00389] With the above-described process, as described with reference to Figure 5, 

the partition map (type 2) 602 which has been making reference to the FE 
(metadata file) 441 becomes to make reference to FE (metadata file) 621. 
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[00390] Then, for reflecting the results of the above-described procedure, the disc 

management information is updated (step S1104). 

[00391] For example, last recorded address information 1107 is updated. 

Furthermore, in accordance with recording of the image data 650, the session 
management information 200 (or space bitmap management information 200) is 
updated to the latest state. 

[00392] A reproduction process for a file after such a recording process for a file is 

performed will be described by using a flow chart shown in Figure 10. 

[00393] First, the system control section 301 instructs the drive apparatus 310, and 

reproduces an AVDP 600 recorded in a predetermined location of the information 
recording medium 100 (for example, logical address = 256) (step S301). 

[00394] Next, the system control section 301 obtains location information (logical 

address of the volume structure 410 from the AVDP 600), and instructs the drive 
apparatus 310 for reproduction (step S302). The drive apparatus 310 receives the 
instruction, and, with reference to the replacement management information list 
1000, searches for replacement management information 1010 held as the original 
location information 1012 which corresponds to the location information (logical 
address) of the logical volume descriptor 601. When the corresponding replacement 
management information 1010 is found, the replacement location information 1013 
included therein is obtained. As a result, the location information of the volume 
structure 700 is obtained, and thus, the volume structure 700 is reproduced and 
sent back to the system control section 301 . 

[00395] When the system control section 301 receives the volume structure 700, the 

system control section 301 obtains location information of the FE (metadata file) 621 
from the partition map (type 2) included in the volume structure 700. 
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[00396] Next, the system control section 301 reproduces a file structure (step S303). 

[00397] For reproducing the file structure, the system control section 301 instructs the 

drive apparatus 310 to reproduce the FE (metadata file) 621 based on the obtained 

location information of FE (metadata file) 621. 
[00398] Then, the control section 301 obtains the location information of metadata file 

620 from the reproduced FE (metadata file) 621. Thus, it becomes possible to 

access the metadata file 620 which includes the latest file management information. 
[00399] Thereafter, files are reproduced with a normal reproduction procedure of the 

UDF specification (step S304). 
[00400] In the above description, handling of the metadata mirror file is omitted. 

However, it can be recorded and/or reproduced similarly as the metadata file as 

necessary. 

[00401] Figure 25 shows a data structure obtained by recording the image data 650 

to the information recording medium 100b having a recording surface of a dual layer 
shown in Figure 20 by the recording procedure according to the present 
embodiment. 

[00402] In this example, the volume structure area 410 is recorded on a user area 

108 on a first layer (L0). On the other hand, the volume structure area 411 is 
recorded on a user area 108a on a second layer (L1). As a result of pseudo- 
overwrite recording to the volume structure areas 410 and 41 1 , the volume structure 
700 and the volume structure 701 are respectively recorded in the spare area 106 
and 107. 

[00403] Alternatively, the volume structure 700 and the volume structure 701 may be 

respectively recorded in spare areas 106a and 107a. 
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[00404] The reproduction procedure for the information recording medium 100b is 

performed similarly as that for the information recording medium 100. 

[00405] Furthermore, other embodiments according to the present invention are also 

applicable to the information recording medium 100b having the dual layer recording 
surface. 

[00406] With such a structure, information of predetermined area can be rewritten by 

a replacement mechanism formed of replacement information and spare areas. 
Thus, it becomes the same as the read-only file structure in the logical space, and it 
becomes possible to reproduce data of the write-once recording medium even in 
systems which can only reproduce read-only mediums or rewritable recording 
mediums. 

[00407] Further, the partition map (type 2) included in the logical volume descriptor 

includes the recorded address information of FE of the metadata mirror file, and/or 
management information regarding other metadata files (for example, flag 1203 
indicating the presence/absence of the metadata mirror file). Therefore, according to 
the present embodiment, by updating the logical volume descriptor, a plurality of 
information related to the metadata file and the metadata mirror file can be updated 
to the latest state at the same time. This allows to realize a more simple and 
superior structure. 

[00408] Moreover, efficient incremental recording of data can be performed using the 

image data, and it becomes possible to rapidly access the latest file structure 
without performing the search for the lead-in (border-in) area, lead-out (border-out) 
area and the like. 
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[00409] Furthermore, only the minimum data is updated by pseudo-overwriting. Thus, 

the burden of the replacement process can be alleviated, and the consumption of 
the spare area can be suppressed. 

[00410] (Embodiments) 

[00411] In this embodiment, the example of recording the image data from the state 

shown in Figure 4B with a recording process different from those in the above- 
described embodiments will be described. 

[00412] Figure 1 1 shows a data structure after the recording process according to the 

present embodiment is performed. A difference between Figures 1 1 and 7B is that, 
in the example shown in Figure 7B, FE (metadata file) 441 is a target of pseudo- 
overwrite recording when new image data 750 is incrementally recorded, while in 
the present embodiment, an AVDP 600 is a target of pseudo-overwrite recording. 
Further, the image data 740 and 750 are different from the image data 650 on the 
point that corresponding volume structure area 410 and the like are included. 

[00413] In the recording procedure described with reference to Figure 6B, FE 

(metadata file) 441 is updated by pseudo-overwrite recording in step S103. In the 
present embodiment, the AVDP 600 is updated by pseudo-overwrite recording. 
More specifically, the AVDP 600 included in the volume structure area 71 1 in Figure 
1 1 is pseudo-overwrite recorded, and mapped to an AVDP 800. 

[00414] Similarly, an AVDP included in the volume structure area 411 is mapped to 

an AVDP 801 (last LSN). Furthermore, there may be two AVDPs in the volume 
structure area 41 1 . In such a case, an AVDP 801 (last LSN - 256) is mapped. 

[00415] In order to realize such pseudo-overwrite recording, it is desirable that the 

capacity of a spare area 107 is equal to or larger than that of the spare area 106. 
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[00416] Particularly, when there are two AVDPs in the volume structure area 41 1 , the 

capacity of the spare area 107 is desirably twice as large as that of the spare area 
1 06 or larger. The capacity of the respective spare areas is managed by spare area 
management information 1105. 

[0041 7] Further, the AVDP (last LSN) may be mapped to the location indicated by the 

last recorded address information 1107. In this way, the AVDP can be readily 
detected. 

[00418] A reproduction process for a file after such a recording process for a file is 

performed will be described below. 
[00419] Similar to the above-described embodiment, the system control section 301 

instructs the drive apparatus 310 to reproduce with respect to the logical address of 

the AVDP 600. 

[00420] The drive apparatus 310 makes reference to a replacement management 

information list 1000, and replies to the reproduction instruction of the AVDP 600 
with reproduction of the AVDP 800. 

[00421] Since the AVDP 800 includes the information of the recorded address of the 

latest volume structure area 710, files can be reproduced using a procedure similar 
to that in the above-described embodiment in the subsequent part of the process. 

[00422] With such a structure, information of predetermined area can be rewritten by 

a replacement mechanism formed of replacement information and spare areas. 
Thus, it becomes the same as the read-only file structure in the logical space, and it 
becomes possible to reproduce data of the write-once recording medium even in 
systems which can only reproduce read-only mediums or rewritable recording 
mediums. 
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[00423] Further, according to the present embodiment, the AVDPs have fixed logical 

address in accordance with rules of the UDF specification. Thus, the structure of the 

system control section 301 can be more simplified. 
[00424] Moreover, efficient incremental recording of data can be performed using the 

image data, and it becomes possible to rapidly access the latest file structure. 
[00425] Furthermore, only the minimum data is updated by pseudo-overwriting. Thus, 

the burden of the replacement process can be alleviated, and the consumption of 

the spare area can be suppressed. 
[00426] (Embodiment 4) 

[00427] In this embodiment, the example in which the image data is recorded by a 

recording procedure which is different from those in the above-described 

embodiments will be described. 
[00428] Figure 26 shows an example of a data structure on an information recording 

medium 100 after a first data recording in the present embodiment is performed. 
[00429] With reference to Figure 26, an example in which a file and directory tree 

structure shown in Figure 12 is being recorded in the information recording medium 

100 will be described. 

[00430] In the example shown in Figure 26, image data 500a, which is a portion of 

the image data 500 from FE (metadata file) 441 to a data file (File-b) 470, is 
recorded from a head of a volume space 109. Image data 500b, which is FE 
(metadata mirror file) 451 and metadata mirror file 450, is recorded at the end of the 
volume space 109. 

[00431] Figure 27 shows a data structure after image data 650 is further recorded 

from such a state. In this example, image data 650a, which is a portion of the image 
file 650 from FE (metadata file) 621 to data file (File-d) 631, is recorded following the 
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image data 500a. Image data 650b, which is FE (metadata mirror file) 612 and 
metadata mirror file 613, is recorded immediately before the image data 500b. 

[00432] In this embodiment, the image data 650 can be recorded similarly as in the 

above-described embodiments. For example, as shown in Figure 27, the volume 
structure area 410 is pseudo-overwrite recorded to obtain the volume structure 700. 
In this way, effects similar to those achieved in other embodiments can be obtained, 
for example, it becomes possible to read the latest file structure, and the like. 

[00433] Moreover, as an effect specific to the present embodiment, the relationship 

between the physical locations of the metadata file and the corresponding metadata 
mirror file can be made more distant. This improves the possibility of avoiding a 
situation in which the metadata file and the metadata mirror file are destroyed at the 
same time due to a scratch on the information recording medium 100, and the like. 
Thus, reliability of the information recording medium 100 increases. 

[00434] (Embodiment 5) 

[00435] A data recording method different from those in the above-described 

embodiments will be further described. 
[00436] Figure 28 shows an example of a data structure on an information recording 

medium 100 after first data recording in the present embodiment is performed. 
[00437] With reference to Figure 28, an example where a file and directory tree 

structure shown in Figure 12 is recorded in the information recording medium 100 

will be described. 

[00438] Similar to the above-described embodiments, image data 500 is recorded in 

a volume space 109. 
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[00439] Further, as shown in Figure 28, a plurality of tracks are allocated in the 

volume space 109. A track #1 1401 is allocated as a track for recording a volume 

structure 410 and the image data 500. 
[00440] Track #2 1402 is allocated as a track for recording the volume structure 41 1 . 

[00441] Allocation of the tracks is performed when, for example, the information 

recording medium 100 is formatted, and the like, as appropriate. 
[00442] The track #1 1401 is an open track including an unrecorded area 430 at the 

location indicated by the last recorded address 1410 or below. 
[00443] Next, with reference to a flow chart of Figure 29 and an illustrative data 

structure on the information recording medium 100 shown in Figure 30, a procedure 

for incrementally recording new image data 650 in the state shown in Figure 28 will 

be described. 

[00444] Before recording the image data 650, a system control section 301 and a 

drive control section 311 read out data necessary for recording/reproducing data 
from a disc management area and the like of the information recording medium 100. 

[00445] When recording of the image data 650 is started, the system control section 

301 reads out the image data 650 from a magnetic disc apparatus 304, and 
transfers this to a memory circuit 302 (step S1201). 

[00446] Next, the system control section 301 instructs a drive apparatus 310 to record 

the image data 650 (step S1202). 

[00447] At this time, by referring to track management information 210 for managing 

the track #1 1401, last recorded address information 213 is obtained. Here, last 
recorded address 1410 shown in Figure 28 is obtained. Thus, the image data 650 is 
recorded in an area at the last recorded address 1410 or below. 
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[00448] Next, the system control section 301 updates the volume structure (step 

S1203). The system control section 301 reproduces data from a volume structure 
area 410, and holds the data in the memory circuit 302. Further, the system control 
section 301 updates information of the partition map (type 2) 602 in the memory 
circuit 302, and updates such that metadata file location 1201 indicates FE 
(metadata file) 621, and metadata mirror file location 1202 indicates FE (metadata 
mirror file) 612. 

[00449] The system control section 301 instructs the drive apparatus 310 to perform 

pseudo-overwrite recording of the updated information to the volume structure area 
410. 

[00450] The drive apparatus 310 receives the instruction, and records the updated 

data transferred from the memory circuit 302 in a spare area 106 as a volume 
structure 700. 

[00451] Further, the drive apparatus 310 updates replacement information included in 

disc management information recorded in a disc management information area 104, 
and maps the volume structure area 410 to the volume structure 700. 

[00452] More specifically, new replacement management information 1010 is 

generated. Location information of the volume structure area 410 is set to original 
location information 1012, and location information of the volume structure 700 is 
set to replacement location information 1013. This new replacement management 
information 1010 is added to a replacement management information list 1000. 

[00453] Further, the volume structure area 411 is similarly updated and pseudo- 

overwrite recorded. At this time, with respect to the volume structure area 411, a 
volume structure 701 is mapped. 
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[00454] It is desirable that the volume structure 700 and the volume structure 701 are 

recorded in different spare areas. The volume structure 701 is duplication data 
which provides for data corruption of the volume structure 700. The tolerance to 
data corruption is stronger when they are located in physically distinct areas. 

[00455] In order to realize such pseudo-overwrite recording, the capacity of a spare 

area 107 is preferably equal to or larger than that of the spare area 106. The 
capacity of the respective spare regions is managed by spare area management 
information 1105. 

[00456] With the above-described process, as described with reference to Figure 5, 

the partition map (type 2) 602 which has been making reference to the FE 
(metadata file) 441 becomes to make reference to FE (metadata file) 621. 

[00457] Then, for reflecting the results of the above-described procedure, the disc 

management information is updated (step S1204). 

[00458] For example, the last recorded address 1410 is changed to last recorded 

address 1411 shown in Figure 30. Thus, by newly recording the track management 
information 210 for managing track #1 1401, this change is reflected. 

[00459] The file after such a recording process for the file is performed can be 

reproduced using, for example, the procedure described in Embodiment 2 with 
reference to the flow chart of Figure 1 0. 

[00460] With such a structure, effects similar to those achieved in the above- 

described embodiments can also be obtained in the present embodiment. 

[00461] Furthermore, as an effect specific to the present embodiment, unrecorded 

areas are managed by the track management information 210. Thus, the present 
embodiment can be implemented more simply compared to the example in which 
unrecorded areas are managed by the spare area management information 220. 
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[00462] In the present embodiment, the target of the pseudo-overwrite recording is 

the volume structure. However, as in Embodiments 1 and 3, the target of the 
pseudo-overwrite recording may be FE or AVDP. 

[00463] (Embodiment 6) 

[00464] A data recording method different from those in the above-described 

embodiments will be further described. 
[00465] Figure 31 shows an example of a data structure on a information recording 

medium 100 after first data recording in the present embodiment is performed. 
[00466] With reference to Figure 31, an example where a file and directory tree 

structure shown in Figure 12 is recorded in the information recording medium 100 

will be described. 

[00467] Similar to the above-described embodiments, image data 500 is recorded in 

a volume space 109. 

[00468] Further, as shown in Figure 31, a plurality of tracks are allocated in the 

volume space 109. A track #1 1501 is allocated as a track for recording image data 
500a, which is a portion of the image data 500 from FE (metadata file) 441 to a data 
file (File-b) 470. 

[00469] Track #2 1502 is allocated as a track for recording image data 500b, which is 

a portion of the image data 500 corresponding to FE (metadata mirror file) 451 and 

metadata mirror file 450. 
[00470] Track #3 1 503 is allocated as a track for recording a volume structure 41 1 . 

[00471] Allocation of the tracks is performed when, for example, the information 

recording medium 100 is formatted, and the like, as appropriate. 
[00472] The track #1 1501 is an open track including an unrecorded area 480 at the 

location indicated by the last recorded address 1511 or below. The track #2 1502 is 

49288.2500 83 
Attorney Docket 

1804496.1 



an open track including an unrecorded area 490 at the location indicated by the last 
recorded address 1512 or below. 
[00473] When new image data 650 is incrementally recorded in the state shown in 

Figure 31, a data structure as shown in Figure 32 is obtained. Specifically, image 
data 650a which is the former part of the image data 650 is recorded immediately 
after the last recorded address 1511 of track #1 1501, and the last recorded address 
is updated to 1513. 

[00474] Further, image data 650b which is the latter part of the image data 650 is 

recorded immediately after the last recorded address 1 51 2 of the track #2 1 502, and 
the last recorded address is updated to 1514. 

[00475] A difference between the present embodiment and Embodiment 5 is that, in 

Embodiment 5, image data is incrementally recorded to only track #1 1401, while in 
the present embodiment, the track #1 1501 and the track #2 1502 are open tracks, 
and different parts of the image data are incrementally recorded respectively. 

[00476] Except for such a difference, the recording procedure and the reproduction 

procedure are similar to those in Embodiment 5. 

[00477] Effects of the present embodiment are also similar to those of Embodiment 5. 

However, the present embodiment has an additional effect that the relationship 
between the physical locations of the metadata file and the corresponding metadata 
mirror file can be made more distant. This improves the possibility of avoiding a 
situation in which the metadata file and the metadata mirror file are destroyed at the 
same time due to a scratch on the information recording medium 100 and the like. 

[00478] Furthermore, areas are divided depending upon the types of data. Thus, 

more efficient data access becomes possible. 
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[00479] In the present embodiment, three types of the tracks are allocated. However, 

the number of types of tracks equal to or larger than three may be allocated. For 
example, the image data may be divided into three parts: metadata file; data file; 
and metadata mirror file, and tracks may be allocated to each of them. 

[00480] (Embodiment 7) 

[00481] In the present embodiment, a method for recording image data particularly 

including AV data, and repairing an error in recording using pseudo overwrite 
recording will be described. Conventionally, there has been a problem that, while 
recording is performed using image data, if an error occurs in recording data, 
repairing is impossible. The present embodiment can solve such a problem. 

[00482] Figure 36 illustrates a data structure on an information recording medium 100 

immediately before image data is recorded according to the present embodiment. 
As shown in portion (a) of Figure 36, there are a lead-in area 101 including a disc 
management information area 104, and a lead-out area 103 including disc 
management information area 105. In a volume space 109, no data has been 
recorded yet. 

[00483] A procedure of recording image data 2000 including a file and directory tree 

structure shown in portion (b) of Figure 36 to such a state and a data structure will 
be described. As shown in portion (b) of Figure 36, File-e which is a general data 
file, Dir-E which is a parent directory thereof, AV-File including AV data encoded by 
an MPEG scheme or the like, and AV-Dir which is a parent directory thereof. 

[00484] The file including the AV data is also referred to as a real-time file. Unlike 

general data files, such a file has to be recorded/reproduced without interruption. 
Thus, the real-time file is recorded on the information recording medium 100, 
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recording control is performed such that the real-time file is located in physically 
contiguous areas with a predetermined length. 
[00485] Such a contiguous area with a predetermined length is called CDA 

(Contiguous Data Area) in the case of the DVD specification. The conditions of the 
contiguous area which is required for the CDA are decided depending upon 
parameters such as a data rate of the AV data included in a real-time file, an access 
performance and/or reading performance of a drive apparatus, the size of a buffer 
memory, and the like. 

[00486] In the UDF specification, each of the files includes a contiguous area called 

an extent. The extent is managed by a file entry (FE) to form one file. In real-time 
files, the extents are located on the information recording medium 100 so as to 
satisfy the above-mentioned conditions for the contiguous area. 

[00487] Further, in the UDF specification, a file type indicating that it is a real-time file 

is defined. It is common to distinguish a real-time file from general data files for 
management by giving a property value of a predetermined value (for example, 
249). 

[00488] Figure 37 shows a data structure of the image data 2000 (Figure 39). The 

image data 2000 is a file which is obtained by combining directory tree structure 
shown in portion (b) of Figure 36 and file management information for managing 
them into one file. 

[00489] The image data 2000 includes a volume structure area 410, FE (metadata 

file) 441, a metadata file 440, a data file (File-e) 2004, a real-time file (AV-File) 2005, 
FE (metadata mirror file) 451, a volume structure area 411, and a metadata mirror 
file 450 in this order from the head. 
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[00490] The same data structures as the above-described image data 500 are 

denoted by the same reference numerals. 

[00491] The areas except for the volume structure area 410 and 411 are areas 

corresponding to a physical partition 420 defined by the UDF specification version 
2.5. Further, the physical partition 420 includes metadata partition 430 and 431 
therein. As described above, the metadata partition includes file management 
information. 

[00492] Specifically, in the example shown in Figure 37, a file set descriptor 433, FE 

(ROOT) 442, FE (Dir-E) 2001, FE (AV-Dir) 2002, FE (File-e) 2002, and FE (AV-File) 
2003 are included in the metadata file 440. The metadata mirror file 450 has the 
same data as the metadata file 440. 

[00493] In the description below, for the sake of the simplicity of the description, the 

directory files are included in FE. 

[00494] The recorded location and the capacity of the metadata file 440 and the 

metadata mirror file 450 in the physical partition 420 are respectively managed by 
the FE (metadata file) 441 and the FE (metadata mirror file) 451. 

[00495] On the other hand, a data file (File-e) 2004 and a real time file (AV-File) 2005 

are located in the physical partition 420. 

[00496] Particularly, the real-time file (AV-File) 2005 is located in a contiguous area 

which satisfies the predetermined conditions in the physical partition 420 so that 
data is reproduced without interruption while being reproduced. 

[00497] Such image data 2000 is previously formed on the magnetic disc apparatus 

304 or the like, and then, recorded in the volume space 109 sequentially from the 
head. 
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[00498] Next, with reference to a flow chart shown in Figure 38, a procedure of 

recording the image data 2000 to the state shown in portion (a) of Figure 36 will" be 
described. 

[00499] In this example, the image data 2000 is formed on the magnetic disc 

apparatus 304, and then recorded in the information recording medium 100. 
[00500] Before recording the image data 2000, a system control section 301 and a 

drive control section 311 reads out data necessary for recording/reproducing data 

from the disc management information area of the information recording medium 

100, and the like (step S2001). 
[00501] Then, recording of image data 2000 is started (step S2002). The system 

control section 301 reads out the image data 2000 from the magnetic disc apparatus 

304 sequentially from the head, and transfers it to the memory circuit 302. 
[00502] The system control section 301 instructs the drive apparatus 310 to record 

the image data 2000. At this time, with reference to the disc management 

information, the image data 2000 is recorded in unrecorded contiguous areas of the 

information recording medium 100. 
[00503] In the state shown in portion (a) of Figure 36, the entire volume space 109 is 

unrecorded. Thus, the image data 2000 is recorded from the head. 
[00504] In such recording of data, it is assumed that recording operation without a 

verify process is performed. After the image data 2000 is all recorded, the procedure 

proceeds to the next step. 
[00505] Next, disc management information is updated (step S2003). Such a process 

is performed in order to reflect the results of recording the image data 2000. 
[00506] For example, last recorded address information 1107 is updated. Further, 

since the unrecorded area is changed in accordance with recording of image data 
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2000, session management information 200 and/or spare area management 

information 220 are updated to the latest state. 
[00507] As a result of such a recording procedure, the data structure on the 

information recording medium 100 becomes one as shown in Figure 39. The image 

data 2000 is continuously recorded in the volume space 109 which remains 

unrecorded in portion (a) of Figure 36. 
[00508] After completing the recording processing of the image data, the repair 

processing for recorded data is performed. With reference to the flowchart shown in 

Figure 40 and an example of the data structure shown in Figure 42, the repair 

processing for recorded data will be described. 
[00509] The system control section 301 prepares the data repair (step S2101). For 

example, the system control section 301 and the drive control section 31 1 read data 

required to record/reproduce data from the disc management area and the like in 

the information recording medium 100. 
[00510] Further, the reproduction of the image data 2000 on the magnetic disc 

apparatus 304 and the data recorded on the information recording medium 100 is 

prepared. 

[00511] Next, The system control section 301 outputs an instruction to the drive 

apparatus 310 so as to reproduce data having a predetermined size from a leading 
position of the image data 2000 recorded on the information recording medium 100 
(step S2102). Herein, the predetermined size is represented as a unit of sector or a 
unit of ECC block. Alternatively, the predetermined size may be represented as a 
unit of integer times of sector or ECC block. In particular, it is desirable that the 
predetermined size is equal to a unit of data in rewriting the data on the information 
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recording medium 100 or a unit of integer times of the unit of data. The reproduced 
data is transferred to the memory circuit 302. 

[00512] The system control section 301 compares the reproduced data in the 

memory circuit 302 with the original image data 2000 (step S2103). This comparison 
is made by transferring a portion of the image data 2000 corresponding to the 
reproduced data from the magnetic disc apparatus 304 to the memory circuit 302 
and performing comparison operation of data on the memory circuit 302. This 
comparison can be made at a location other than the location described above (e.g. 
on the memory circuit 312). 

[00513] Depending on the comparison result in step S2013, the processing branches 

into two steps. If the comparison result does not match, then the processing 
proceeds to step S2015. If the comparison result does match, then the processing 
proceeds to step S2106. 

[00514] When the comparison result does not match, the system control section 301 

determines that the data recording has failed, and holds the recording location as 
repair information (step S2105). The repair information can be stored, for example, 
in the memory circuit 302 or the magnetic disc apparatus 304. 

[00515] For example, in Figure 42, it is assumed that error areas 2101, 2102 are 

areas where the data recording has failed. In this case, information specifying these 
error areas is stored as the repair information. When the data reproduction has 
failed (i.e. there occurs a reproduction error) for some reason, the processing is 
performed in a similar manner to the processing when the comparison result does 
not match. 

[00516] When the processing in step S2015 is completed, the processing proceeds to 

step S2106. 

49288.2500 90 
Attorney Docket 

1804496.1 



[0051 7] It is determined whether or not the data reproduction/comparison reaches the 

end of data (step S2106). If it does not reach the end of data, then the processing 
returns back to step S2012, where the data reproduction/comparison is performed 
subsequently. If it reaches the end of data, then the processing proceeds to step 
S2107. 

[00518] Next, the data recording is performed to repair the recording-failed data (step 

S2017). The processing for this step is selected depending on the kind of error area. 
The processing for this step will be described below in more detail with reference to 
Figure 41. 

[00519] By referring to the information specifying the error area, which is stored as 

the repair information, it is determined whether or not the error area is included in an 
extent of a real-time file (step S2201). 

[00520] This determination can be made, for example, by checking the file entry (FE) 

in the file structure. This is because each FE holds information relating the position 
of extent and the capacity of each file in the partition space. Further, by referring to 
a file type defined by the UDF specification, it is possible to determine whether or 
not each file is a real-time file. 

[00521] For example, the error area S2101 is an area which is not included in any 

extent of any real-time file. In this case, the processing proceeds to step S2202. On 
the other hand, the error area S2102 is an area which is included in an extent of a 
real-time file. In this case, the processing proceeds to step S2204. 

[00522] The repair data corresponding to the error area (i.e. data indicating correct 

contents for the error area) is recorded in the spare area 106 (or the spare area 
107) (step S2202). The data corresponding to the error data is read from a 
corresponding location of the image data 2000, the read data is recorded in the 
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spare area as the repair data. For example, in Figure 42, the repair data 2201 is 
recorded for the error area 2101 . 
[00523] These processing steps are performed, for example, by the system control 

section 301 issuing a predetermined command for the repair recording to the drive 
apparatus 310. 

[00524] It is desirable to record the repair data corresponding to the error data at the 

location in the spare area which is close to the error area. This makes it possible to 
reduce the access time required for the data recording/reproduction. 

[00525] The correlation information is generated and held in the memory such as the 

memory circuit 302 or the memory circuit 312 (step S2203). The correlation 
information is information for correlating the location information of the error area 
with the recording location of the repair data in the spare area. 

[00526] The real-time file is re-recorded (step S2204). In this case, as described 

above, in order to reproduce the real-time file without any interruption (i.e. in order to 
perform seamless reproduction), it is required to locate the real-time file in a 
physically contiguous area which satisfies predetermined criteria. 

[00527] However, when the error area is included in the real-time file, there is a 

possibility that the reproduction of the real-time file is interrupted due to the 
suspension of supplying the data from the error area. 

[00528] In this step, an area including the error area on the real-time file is examined. 

The area including the error area may cause the interruption of the reproduction of 
the real-time file. Specifically, in Figure 42, the area including the error area 
corresponds to extent #2 included in the real-time file (AV-File) 2005. 
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[00529] the data corresponding to extent #2 is read from the image data 2000, and 

the read data is recorded in an unrecorded area in the volume space 109 as extent 
#2a (data indicating the correct content of extent #2). 

[00530] The length of extent #2a is determined such that predetermined criteria are 

satisfied. The predetermined criteria are for reproducing the repaired real-time file 
(AV-File) 2005 including extent #2a without any interruption. 

[00531] In an example shown in Figure 42, there is only one error area in a real-time 

file. However, there may be a plurality of error areas in a real-time file. In this case, 
a similar processing is applicable. As described above, the length of each extent is 
determined when the extent is re-recorded, such that the reproduction of the extent 
can be performed without any interruption. 

[00532] Next, the file structure is updated to reflect re-recording of the extent (step 

S2205). In step S2204, the extent of the real-time file (AV-File) 2005 is changed. In 
order to reflect this change, the file structure should be updated. In this example, it 
is required to update the FE for managing the real-time file (AV-File) 2005. The 
update of the file structure can be made, for example, by updating the metadata file. 

[00533] In an example shown in Figure 42, the metadata file 2300, which is the 

update of the metadata file 440, is recorded in an unrecorded area in the volume 
space 109. Further, the FE (metadata file) 2301 for managing the metadata file 
2300 is recorded. 

[00534] The volume structure is updated (step S2206). In step S2205, the file 

structure is updated. By pseudo overwriting the volume structure, the volume 
structure which refers to the file structure is updated to the latest information. 

[00535] In an example shown in Figure 42, the update of the volume structure 

corresponds to the recording of the volume structures 2302 and 2303. This 
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processing is similar to the processing in step S1203 shown in Figure 29 in 
Embodiment 2 described above. 

[00536] The repair recording processing is performed for every error area included in 

the repair information. When the repair processing is completed, the processing 
returns back to the processing in Figure 40. 

[00537] The disc management information is updated (step S2108). This update 

processing includes the following steps. 

[00538] The system control section 301 generates replacement management 

information 1010 including the correlation information obtained in step S2203, and 
generates a new replacement management information list 1000 including the 
generated replacement management information 1010. Further, the replacement 
management information (correlation information) 1010 which is generated by 
pseudo overwriting the volume structure in step S2206 is added to the new 
replacement management information list 1000. 

[00539] The system control section 301 outputs an instruction to the drive apparatus 

310. The drive apparatus 310 records the new replacement management 
information list 1000 in the disc management information area 104. 

[00540] After completing the processing for recording such a file, the processing for 

reproducing the file is performed. With reference to the flowchart shown in Figure 
43, the processing for reproducing the file will be described below. Herein, an 
operation of reproducing the data file (File-e) 2004 will be described as an 
exemplary reproduction operation. 

[00541] The system control section 301 outputs an instruction to the drive apparatus 

310 so as to reproduce the AVDP 600 recorded in a predetermined location (e.g. 
logical address = 256) of the information recording medium 100 (step S2301). 
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[00542] Next, the system control section 301 obtains the location information of the 

volume structure 410 from the AVDP 600, and outputs an instruction to the drive 
apparatus 310 so as to reproduce the volume structure 410 (step S2302) . 

[00543] Upon the receipt of the instruction, the drive apparatus 310 refers to the 

replacement management information list 1000, retrieves the replacement 
management information 1010 holding the location information of the logical volume 
descriptor 601 as the original location information 1012. When the drive apparatus 
310 retrieves the replacement management information 1010, it obtains the 
replacement location information 1013 included in the replacement management 
information 1010. As a result, the location information of the volume structure 2302 
is obtained. The drive apparatus 310 reproduces the volume structure 2302 and 
returns it back to the system control section 301. Upon the receipt of the volume 
structure 2302, the system control section 301 obtains the location information of 
the FE (metadata file) 2301 from the partition map (type 2) included in the volume 
structure 2302. 

[00544] Next, the system control section 301 reproduces the file structure (step 

S2303). In order to reproduce the file structure, the system control section 301 
instructs the drive apparatus 310 to reproduce the FE (metadata file) 2301, based 
on the location information of the obtained FE (metadata file) 2301. 

[00545] The location information of the metadata file 2300 is obtained from the 

reproduced FE (metadata file) 2301. Thus, it is possible to access the metadata file 
2300 included in the latest file management information. 

[00546] The recording location of the data file (File-e) 2004 is obtained from the 

reproduced file structure, and the data file (File-e) 2004 is reproduced (step S2304). 
In order to reproduce the data file (File-e) 2004, the system control section 301 
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outputs a reproduction instruction to the drive apparatus 31 6. In the reproduction 
instruction, the location information of the data file (File-e) 2004 is represented by a 
logical address. Upon receipt of the reproduction instruction, the drive apparatus 
310 converts the logical address into a physical address. The drive apparatus 310 
refers to the replacement management information list 1000, and retrieves the 
replacement management information 1010 holding the physical address as the 
original location information 1012. 

[00547] When the drive apparatus 310 retrieves the replacement management 

information 1010, it obtains the replacement location information 1013 included in 
the replacement management information 1010. As a result, the physical address 
corresponding to the logical address in the reproduction instruction is obtained. The 
drive apparatus 310 reproduces the data located at the physical address and 
returns it back to the system control section 301. 

[00548] In an example shown in Figure 42, when a reproduction instruction including 

the logical address of the error area 2101 is output to the drive apparatus 310, the 
drive apparatus 310 retrieves the replacement management information list 1000, 
and obtains a physical address of the repair data 2201. The drive apparatus 310 
reproduces the repair data and returns it back to the system control section 301. A 
similar processing is applicable to other error areas. 

[00549] On the other hand, in the reproduction of the real-time file (AV-File) 2005, the 

extent is re-recorded without using the replacement mechanism, and the file 
structure is updated. Accordingly, in reproducing the real-time file (AV-File) 2005, 
the extents included in the file entry are reproduced in steps. 

[00550] According to the processing mentioned above, in the recording of the image 

data 2000, it is possible to repair the information of the failed-recording area (error 
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area) using a replacement mechanism including replacement information and spare 
areas. 

[00551] If the replacement mechanism is used for the real-time file, the AV data is 

arranged in discrete locations so that the AV data cannot be reproduced without any 
interruption. According to the present embodiment of the invention, by re-recording 
the extent of the real-time file including the error area in the user area, it is possible 
to repair the data and satisfy the arrangement criteria of the AV data. The update of 
the file structure required for the repair processing is realized by pseudo overwriting 
the file structure. 

[00552] The repair of error areas in the real-time file is realized without using any 

spare area. Accordingly, it is not necessary to allocate a large size of spare area. As 
a result, it is possible to reduce the burden of the implementation and efficiently 
utilize the data area on the information recording medium. 

[00553] By implementing the repair function mentioned above, even if the quality of 

the information recording medium at the time of manufacturing them is reduced, it is 
possible to achieve a high reliability as a whole system. This provides a significant 
industrial advantage in that the cost of manufacturing the discs can be reduced. 

[00554] On the logical space, the file structure obtained after the repair is completed 

as shown in Figure 42 is the same as the file structure for reproduction only. Thus, it 
is possible to reproduce data recorded in the write-once recording medium, even in 
the system which is not capable of performing the reproduction operation for the 
reproduction only recording medium or the rewritable recording medium. 

[00555] In the recording procedure mentioned above, the repair recording is 

performed after all of image data is recorded without performing any verifying 
process. When the image data is recorded while the verifying process is performed, 
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it is necessary to access the recorded data immediately "after the data has been 
recorded and reproduce the recorded data for each minimum unit (e.g. a unit of 
ECC block) of the data recording. Thus, when the recording of the image data is 
performed with the verifying process, the time required for recording whole image 
data 2000 is greatly increased. 
[00556] On the other hand, in the present embodiment of the invention, the recording 

of data and the repairing of data both can be made using continuous data access. 
Accordingly, any extra waiting time for access by the head section 334 and control 
of disc rotation number is not required and it is possible to greatly reduce the 
processing time. 

[00557] In the embodiments of invention mentioned above, the file structure is 

updated into the latest information by pseudo overwriting the volume structure and 
the like. However, the file structure can be updated by directly pseudo overwriting 
the changing portion of the file structure. Thus, it is possible to reproduce data 
recorded in the write-once recording medium, even in the system which is not 
capable of performing the reproduction operation for the read-only recording 
medium or the rewritable recording medium. 

[00558] In the embodiments of invention mentioned above, the system control section 

301 instructs the drive apparatus 310 to perform pseudo overwriting. Such an 
instruction can be made by using a predetermined instruction (command) for 
performing pseudo overwriting. Alternatively, upon the receipt of the normal 
recording instruction, the drive apparatus 310 may detect overwriting of data and 
may automatically perform pseudo overwriting. 

[00559] In the embodiments of invention mentioned above, the update of replacement 

information included in the disc management information is performed by the drive 
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apparatus 310. However, the update processing can be made by the host apparatus 
305. In this case, the host apparatus 305 instructs the drive apparatus 310 to 
reproduce information from the disc management information area. The reproduced 
information is stored in the memory circuit 302. After the necessary update 
processing is completed, the recording for the disc management information area is 
performed using a predetermined instruction. 
[00560] (Embodiment 8) 

[00561] Figure 44 shows a remapping management information list 3000, which is 

one example of replacement information for implementing the pseudo overwrite 
according to this embodiment of the invention. 

[00562] The remapping management information list 3000 represents replacement 

information in a form which is different from the form of the replacement 
management information list 1000 shown in portion (a) of Figure 17. The remapping 
management information list 3000 includes at least one remapping management 
information such as remapping management information #1 . 

[00563] The status information 1 01 1 b is provided in the disc management information 

area 104. The status information 1011b is similar to the status information 1011 
shown in portion (a) of Figure 17. 

[00564] The status information 11011b includes status information for a 

corresponding remapping management information. The status information 1011b 
indicates, for example, a valid/invalid status of the replacement location information 
1013 included in the remapping management information. 

[00565] For example, when a predetermined value (e.g. "0"), which indicates that the 

replacement location information 1013 is invalid, is set to the status information 
1101b #1, the remapping management information #1 corresponding to the status 
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information 1101b #1 is handled as being invalid. In this case, although the 
remapping management information #1 exists in the remapping management 
information list 3000, the original location designated by the remapping 
management information #1 is not used to map the original location to a 
replacement location for the purpose of performing pseudo overwrite. As a result, 
the data recorded at the original location designated by the remapping management 
information #1 is handled as being valid. 

[00566] On the other hand, when a predetermined value (e.g. "1"), which indicates 

that the replacement location information 1013 is valid, is set to the status 
information 1101b #1, the remapping management information #1 corresponding to 
the status information 1011b #1 is handled as being valid. In this case, the original 
location designated by the remapping management information #1 is used to map 
the original location to a replacement location for the purpose of performing pseudo 
overwrite. As a result, the data recorded at the replacement location designated by 
the remapping management information #1 is handled as being valid. 

[00567] Next, with reference to Figure 45, the data structure on the information 

recording medium 100b shown in Figure 20 after a first time data recording will be 
described. The information recording medium 100b has two layers and each layer 
has a recording surface. 

[00568] In Figure 45, the image data 3740 including the volume structure areas 410 

and 41 1 is recorded. The image data 3740 is similar to the image data 740 shown in 
Figure 11. 

[00569] The image data 3740 is divided into two parts (I.e. the image data 3740a and 

the image data 3740b). This division of the image data 3740 is similar to the case 
shown in Figure 25. 
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[00570] In the image data 3740, in accordance with the UDF specification, the volume 

structure area 410 includes an AVDP 3600a (recording location: LSN=256) and the 
volume structure area 411 includes an AVDP 3600b (recording location: LSN=last 
LSN-256) and an AVDP 3600c (recording location: LSN=Last LSN). 

[00571] Next, the recording processing for the information recording medium 100b 

shown in Figure 45 will be described below. This recording processing is similar to 
that described in Embodiment 3. 

[00572] Figure 46 shows a status where the image data 3750 including the volume 

structure areas 710 and 711 is recorded. The image data 3750 is similar to the 
image data 750 shown in Figure 11. 

[00573] The image data 3750 is divided into two parts (i.e. the image data 3750a and 

the image data 3750b). This division of the image data 3750 is similar to the case 
shown in Figure 45. 

[00574] In the image data 3750, new directory (Dir-C) and new files (File-c, File-d) are 

added. As a result, it is required to update the file structure. In order to update the 
file structure, an AVDP is updated. The AVDP is used as a start point to reproduce 
the file structure. The AVDP includes the recording location of the volume/file 
structure on the information recording medium 100b! 

[00575] Specifically, the volume structure area 710 includes an AVDP 3800a which is 

update information of the AVDP 3600a. Similarly, the volume structure area 711 
includes an AVDP 3800b and an AVDP 3800c which are the respective update 
information of the AVDP 3600b and the AVDP 3600c. 

[00576] The generation of the image data 3750 includes the update of the AVDP. The 

system control section 301 updates the AVDP by performing so-called "read-modify- 
write" processing. 
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[00577] Specifically, an ECC block including the AVDP 3600a of the image data 3740 

is read, and a portion corresponding to the AVDP 3600a among the read ECC block 
is re-written (modified) into the AVDP 3800a. In this case, the remaining portion 
other than the AVDP 3600a among the read ECC block is held as it is, when the 
remaining portion is not required to be re-written. 

[00578] When the AVDP 3600a has been already updated, the latest AVDP is 

reproduced using replacement information and a corresponding portion is re-written. 

[00579] The data thus obtained as a unit of ECC block is located at a predetermined 

location in the volume structure area 710 of the image data 3750. 

[00580] Similarly, if necessary, a corresponding ECC block is read for each of the 

AVDP 3600b and the AVDP 3600c, and a portion of the corresponding ECC is re- 
written into a corresponding one of the AVDP 3800b and the AVDP 3800c. The 
AVDP 3800b and the AVDP 3800c are located at the respective predetermined 
locations in the volume structure area 711 of the image data 3750. 

[00581] Thus, an image data 3750 is generated such that the image data 3750 

includes the AVDP 3800a, the AVDP 3800b and the AVDP 3800c, which have been 
already updated. 

[00582] When the image data 3750 is recorded on the information recording medium 

100b shown in Figure 45, it is necessary to pseudo overwriting the AVDP. This 
recording processing is similar to that described in Embodiment 3. 

[00583] Specifically, the system control section 301 instructs the derive apparatus 

310 to record the image data 3750. Herein, the image data 3750 is recorded as the 
image data 3750a and the image data 3750b. During the recording operation of the 
image data, the system control section 301 also instructs the derive apparatus 310 
to record the AVDP 3800a, the AVDP 3800b and the AVDP 3800c. 
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[00584] Further, the system control section 301 outputs a generation instruction for 

generating a disc management information including the remapping management 
information list 3000 to the derive apparatus 310. The generation instruction 
includes the recording location information of one of the AVDP 3600a, AVDP 3600b 
and AVDP 3600c. 

[00585] Upon the receipt of the generation instruction, the drive apparatus 310 

updates the remapping management information list 3000 to reflect a new mapping 
status from the before-update AVDP to the after-update AVDP, and records the disc 
management information including the updated remapping management information 
list 3000. 

[00586] For example, the drive apparatus 310 sets the location information of the 

AVDP 3600a to the original location information 1012 in the remapping 
management information 1010 #1, and sets the location information of the AVDP 
3800a to the replacement location information 1013 in the remapping management 
information 1010 #1 . 

[00587] The drive apparatus 310 sets information indicating that the mapping from 

the original location information to the replacement location information in the 
remapping management information 1010 #1 is valid to the status information1011b 
corresponding to the remapping management information 1010 #1. 

[00588] Further, the drive apparatus 310 records the duplication of the AVDP 3800a, 

which is update information of the AVDP 3600a included in the image data 3750, at 
a predetermined location of the information recording medium 100b. The 
predetermined location is different from the recording location of the AVDP 3800a 
included in the image data 3750 (for example, the duplication of the AVDP 3800a is 
recorded in the spare area 106). 
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[00569] A Similar processing is'applicable to the AVDP 3600b and the AVDP 3600c. 

In response to the instruction from the system control section 301, the before- 
update AVDP is mapped to the after-update AVDP using the remapping 
management information 1010 and the status information 1101b is set to being 
valid. Further, the duplication of each of the AVDP 3600b and the AVDP 3600c is 
recorded at a predetermined location of the information recording medium 100b. 

[00590] Figure 47 shows an example of the remapping management information list 

3000 after the pseudo overwrite is completed. In Figure 47, the AVDP 3600a, the 
AVDP 3600b and the AVDP 3600c for the original location information 1012 are 
mapped to the AVDP 3800a, the AVDP 3800b and the AVDP 3800c for the 
replacement location information 1013, respectively. 

[00591] As described in Embodiment 3, according to the UDF specification, the AVDP 

has a fixed logical address. Accordingly, the original location information 1012 has a 
fixed value. By correlating each fixed address value with one of the plurality of 
remapping management information (e.g. the remapping management information 
#1 to #3), it is possible to omit the original location information 1012 from each 
remapping management information shown in Figure 47. 

[00592] According to the UDF specification, the AVDP can be recorded in three 

different locations at maximum. The AVDP should be recorded or updated in at least 
two different locations among the three different locations. 

[00593] Accordingly, in the recording processing mentioned above, it is possible to 

generate image data including two AVDPs (e.g. the AVDP 3600b and the AVDP 
3600c), and update these AVDPs using pseudo overwrite so as to map the AVDP 
3600b and the AVDP 3600c to the AVDP 3800b and the AVDP 3800c, respectively. 
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[00594] It Is desirable to set the remapping management information, which "is not 

used to map for the purpose of pseudo overwrite, to being invalid. For example, the 
remapping management information #1 in the remapping management information 
list 3000 shown in Figure 44 can be set to being invalid. In this case, information 
indicating that it is invalid is set to the remapping management information #1. 

[00595] In the recording processing mentioned above, the drive apparatus 310 sets 

valid information to the status information 1011b for the remapping management 
information in which the pseudo overwrite is performed, sets invalid information to 
the status information 1011b for the remapping management information in which 
the pseudo overwrite is not performed, generates a disc management information 
including the remapping management information list 3000, and records the disc 
management information in the disc management information area 104. 

[00596] After completing the processing for recording such a file, the processing for 

reproducing the file is performed. The processing for reproducing the file is similar to 
that described in Embodiment 3. 

[00597] Specifically, the system control section 301 instructs the drive apparatus 310 

to reproduce data with a logical address of the AVDP 3600a. 

[00598] The drive apparatus 310 detects remapping management information 

including the original location information corresponding to the AVDP 3600a from 
the remapping management information list 3000. Then, the drive apparatus 310 
refers to status information corresponding to the remapping management 
information and determines whether or not the remapping management information 
is valid. 

[00599] When it is determined that the remapping management information is invalid, 

there does not exist any mapping for pseudo overwrite. In this case, the drive 
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apparatus 310 reproduces the data of the requested AVDP 3600a and returns the 
reproduced data to the system control section 301. 

[00600] When it is determined that the remapping management information is valid, 

there exists a mapping for pseudo overwrite. In this case, the drive apparatus 310 
accesses the AVDP 3800a rather than the requested AVDP 3600a according to the 
mapping, reproduces the data of the requested AVDP 3800a and returns the 
reproduced data to the system control section 301. 

[00601] The AVDP 3800a includes information indicating the recording location of the 

latest volume structure area 710. Accordingly, the processing for reproducing the file 
can be performed in a similar manner as described in the embodiments mentioned 
above. 

[00602] According to the structure mentioned above, it is possible to pseudo 

overwrite the AVDP using the remapping management information. As a result, on 
the logical space, the file structure for pseudo overwrite is the same as the file 
structure for read-only. Thus, it is possible to reproduce data recorded in the write- 
once recording medium, even in the system which is not capable of performing the 
reproduction operation for the read-only recording medium or the rewritable 
recording medium. 

[00603] Further, by limiting information to be pseudo overwritten into the AVDP(s) for 

the purpose of updating the volume/file structure, it is possible to simplify the 
structure of the system control section 301 . 

[00604] This is because the number of the AVDPs is limited to two or three according 

to the UDF standard and each of the AVDPs has a fixed logical address. 
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[00605] Furthermore, only the minimum data is updated by pseudo-overwriting. Thus, 

the burden of the replacement process can be alleviated, and the consumption of 

the spare area can be suppressed. 
[00606] Furthermore, by providing information having a valid/invalid information for 

the remapping management information (e.g. status information 1011b), it is 

possible that the drive apparatus 310 efficiently knows which AVDP is mapped to 

new AVDP by performing the pseudo overwrite. 
[00607] Without such valid/invalid information, it is necessary to always update all of 

the remapping management information. In this case, even if the AVDP itself is not 

updated, the remapping management information must be updated. This causes 

unnecessary recording processing. 
[00608] In the reproduction processing, it is necessary to operate under the 

assumption that all of the remapping management information has been updated. 

As a result, it is necessary to access the AVDP for reading it, regardless of whether 

or not the remapping management information has been actually updated. This 

increases the time required for the reproduction processing. 
[00609] Thus, it is useful to have a valid/invalid information for the remapping 

management information as the status information 101 1b. 
[00610] Further, the duplication information of the updated AVDP is recorded. This 

makes it possible to improve the reliability of the data. In particular, according to the 

UDF specification, the AVDP serves as a start point for reproduction data. 

Therefore, it is very useful to improve the reliability of the AVDP. 
[00611] As shown in Figure 46, it is desirable to record the duplication information of 

all of the updated AVDP on the same spare area. 
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[00612] Further, by recording the duplication information of the updated AVDP at an' 

inner location than the updated AVDP, the following effect can be obtained. 
[00613] Specifically, in Figure 46, the recording location of the duplication information 

of the AVDP 3800a, the AVDP 3800b and the AVDP 3800c is located at an inner 

location in the spare area 106 than the recording location of the AVDP 3800a, the 

AVDP 3800b and the AVDP 3800c. Such a data allocation makes it possible to 

rapidly access the latest AVDP. 
[00614] In particular, the two AVDPs are recorded apart from each other in the 

volume space. By recording them at an inner location of the spare area, it is 

possible to rapidly access the AVDP(s). 
[00615] The structure of the spare area is not limited to that shown in portion (b) of 

Figure 1. For example, like a DVD-RAM disc, a plurality of spare areas can be 

located in a concentric manner in an intermediate area between an inner area and 

an outer area of the user data area 1 08. 
[00616] In such an information recording medium, it is desirable to record the 

duplication information at an inner location than the original information. 
[00617] According to the present embodiment of the invention, efficient incremental 

recording of data can be performed using the image data, and it becomes possible 

to rapidly access the latest file structure. 
[00618] In the embodiment mentioned above, a method for updating the data by 

recording the image data is described. However, this method can be applied to a 

method for sequentially record a file and finally recording the latest volume structure 

and the AVDPs. 
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INDUSTRIAL APPLICABILITY 
[0061 9] The present invention can be applied to, but are not limited to, an information 

recording medium such as a write-once optical disc, a recording/reproduction 
apparatus such as a disc video recorder or a disc video camera. 
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